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CHAPTER I. INTRODUCTION 
Introduction 
Human life has been profoundly influenced by the rapid evolution and 
development of technology. Technology plays such an important role in our 
everyday lives that it has extended human capabilities in numerous aspects 
such as our physical, social, and cultural environments. It becomes an 
issue of more concern today that everyone must adapt to these drastically 
changing patterns in technology and society. Teachers, under the present 
circumstances, are obligated to become more aware of the needs of students 
in acquiring the knowledge of technology. 
In essence, children's learning experiences may affect how they will 
succeed in life. Their knowledge is related to the nature of a 
technological society, which may be referred to as technological awareness. 
This awareness must be accompanied by knowledge which they can use to 
adjust to life in that society. In other words, children rely on education 
to provide them with sufficient knowledge related to technology and culture 
which will enable them to adapt to the changing society and to be well 
prepared to develop their career. 
To accomplish this goal in Taiwan and to educate our next generation 
to become modern citizens, elementary science education and its teachers 
are responsible for introducing science that is technology related. This 
task is also congruent with the purpose of general education for the 
nation, the Republic of China. The purpose of general education, in 
Taiwan, in accordance with the Three Principles of the People, is to 
improve national living, achieve mutual assistance, develop national 
economic life, and prolong the life of the nation. Education is seen as 
insuring the independence of the nation, democracy, and a higher standard 
of living, and, eventually, advancement of an ideal world where harmony and 
equality prevail (Ministry of Education, 1967). This emphasis places a new 
challenge on elementary teachers to bring about an early understanding 
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concerning Society, Science, and Technology to their students. 
This new challenge, furthermore, calls for elementary teachers to 
update their knowledge in teaching elementary science. Much effort has 
been put forth to achieve this task by both government officers and 
teachers themselves. The following sections discuss the issues raised here 
in detail with respect to "elementary science education in Taiwan" as well 
as "situations confronted by teachers in science teaching in Taiwan." 
Elementary science education in Taiwan 
Development and the content of the national elementary science 
curriculum In Taiwan, the development of elementary science education 
curriculum (hereafter referred to as the "curriculum") primarily 
constituted a series of textbooks and supplementary materials (Chen, 1981; 
Chen, 1982; Chuang, 1984; Lee, 1979; Liu, 1988b; Lu, 1983; Tung, 1986). 
Most currently developed textbooks and related materials were constructed 
and experimentally implemented in the elementary education from 1972 to 
1974, based on the concurrent curriculum developed in the U.S.A. In 1975, 
this curriculum was mandated. Since this curriculum was gradually 
implemented in elementary schools nationwide, both textbooks and 
supplementary materials have been revised and updated constantly, based 
upon the needs of science teaching and requests for improvement from the 
elementary teachers. Consequently, the content of the textbooks has 
contributed mostly to the current teaching practices of the primary science 
education for the nation. 
The content of the curriculum was essentially constructed based on the 
framework of science concepts, science processes, and children's cognitive 
development. The science concepts included three fundamental schemes in 
science (Chen, 1982; Lu, 1983; Tung, 1986): 
1. Matter and energy are the basic elements constituting the 
environment. 
2. Interactions between various elements are in process continuously. 
3 
3. Changes of the environment occur when the interactions between 
elements take place. 
This framework serves as a basis for selecting topics and organizing the 
content into an appropriate sequence, which leads to a better understanding 
and science learning. In addition, children's cognitive development has 
been advocated by educators and is emphasized concurrently with content 
acquisition. 
On the other hand, the curriculum is also designed to help children 
properly utilize science processes and develop adequate science attitudes. 
Thirteen science processes are considered as fundamental skills in the 
curriculum. Among them are: observation, classification, measurement, 
numbers use, space and time use. Inference, communication, prediction, 
operational definitions, hypotheses, interpretation, control of variables, 
and experiment. Furthermore, the curriculum intends to help children 
establish proper science attitudes in terms of curiosity, enterprise, 
responsibility, cooperation, open-mlndedness, objectiveness, carefulness, 
confidence, and patience. The children are expected, after learning each 
science class designed in the curriculum, to possess skill and knowledge in 
relation to the science processes with adequate science attitudes. 
In order to lead the children towards acquiring knowledge in science 
and to becoming fulfilled citizens, the curriculum consists of four major 
subjects based on four fundamental schemes in science (Chen, 1982). 
Biology, physics, chemistry, and earth science are the four subjects 
included in the curriculum. And, the four fundamental schemes are: 
1. the world of living things, 
2. matter and energy, 
3. the solar system and relativity of the universe, and 
4. the earth on which we live (Chen, 1981; Chen, 1982; Chuang, 1984; 
Lee, 1979; Liu, 1988b; Tung, 1986). 
Consequently, a 12-volume series of textbooks was developed to serve as the 
foundation of the curriculum. Meanwhile, based upon the rationale above. 
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these textbooks are accompanied with supplementary materials, such as 
student practice books and teacher's manual, on a semester base. In 
addition, a variety of Instructional aids for each unit have been made 
available. These Instructional aids are provided by the government to help 
teachers and children carry out science lessons as suggested In the 
textbook and teacher's manual. 
Problems with the Implementation of the curriculum Although most 
efforts have been devoted to developing the curriculum, problems associated 
with the Implementation of the curriculum have revealed severe deficiencies 
and difficulties for elementary teachers (hereafter referred to as 
"teachers"). For years, studies have been conducted to understand these 
problems. These problems are synthesized Into the following four 
categories. I.e., content. Instructional aids, teacher, and student. 
1. Content 
a. Some materials covered In the textbooks are too difficult to 
understand for both teachers and children (Huang, 1980; Lee, 
1983; Liu, 1988b; Lu, 1983; Tung, 1986). 
b. The length of teaching time Is sometimes Inadequate and 
Insufficient (Chen, 1982; Huang, 1980; Lee, 1983; Lu, 1983; 
Tung, 1986). 
c. Often, there are too many activities and science concepts 
Involved In one unit (Huang, 1980; Lu, 1983; Wu, 1989). 
d. Inadequate sequence of the content, in part, has led to 
difficulty in completion of the units (Chen, 1984; Chuang, 
1984; Lu, 1983). 
2. Instructional Aids 
a. There are difficulties prevalent in appropriately maintaining 
the Instructional aids (Chen, 1984; Huang, 1980; Lee, 1983; 
Liu, 1988b; Lu, 1983; Tung, 1986; Wang et al., 1988). 
b. A person knowledgeable in equipment, apparatus, and other aids 
is especially desired to be in charge of maintaining equipment 
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(Chen, 1984). 
c. There is a financial deficiency in schools which are located 
in non-urban areas (Chen, 1984). 
d. A lack of laboratories has been found in most schools, which 
leads to the major difficulty of instructional aids 
maintenance (Chen, 1984). 
3. Teachers 
a. Teachers too often lack required knowledge to teach some 
specific units in the textbooks (Lee, 1983; Liu, 1988a; Lu, 
1983; Tung, 1986; Wang et al., 1988). 
b. Teachers were found to have little confidence in instructing 
the content in relation to topics that require specific 
knowledge (Chen, 1986; Huang, 1980; Lee, 1983; Liu, 1988b; 
Tung, 1986; Wang et al., 1988). 
c. Teachers lack required knowledge and skills to manipulate 
equipment and apparatus necessary in the experimental process 
(Chen, 1986; Lee, 1983; Wang et al., 1988). 
4. Students 
a. Students were found to receive more knowledge in cognitive 
domain rather than other domains; this reflects that the 
curriculum is solely focused on academic discipline although 
many so called hands-on activities are included in the 
curriculum (Chen, 1983; Chuang, 1984; Huang, 1980; Lee, 1979; 
Liu, 1988c; Lu, 1983; Tung, 1986). 
b. Students who live in a non-urban area cannot totally benefit 
from the curriculum (Chen, 1983; Chen, 1984; Huang, 1980; Liu, 
1988b). 
c. Too many students are in one class in most school settings; 
this has led to the elimination of activities by teachers due 
to disciplinary problems (Chuang, 1984; Liu, 1988b; Lu, 1983). 
d. Students were found to have a low achievement performance in 
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understanding the concept of "material and mass" (Chen, 1983; 
Chen, 1984). 
Situations confronted bv the teachers in science teaching 
As discussed earlier, the national curriculum for elementary science 
has mainly dominated classroom activities. The curriculum was developed by 
master developers and curriculum specialists, instead of including 
elementary teachers. This downward model in developing a curriculum 
usually ignores the right- of teachers to decide and select the content of 
the curriculum (Wang, 1989). Glenister (1968) argued that giving the 
freedom to teachers in planning and organizing individual work 
coincidentally involves a great responsibility for them. Apparently, it is 
this lack of independence in planning and organizing their curriculum that 
the teachers in Taiwan have encountered various situations and difficulties 
These difficulties have become obstructions and barriers that further 
affect the teachers' attitudes and discourage searching for a means to 
improve their instruction as well. 
Design and modifv lesson plan In 1987, seven instructional models 
were introduced to teachers in a workshop which was conducted by the 
Elementary Teacher Study Center at Bianchaiou Taipei County, Taiwan, 
supported by the Department of Education in Taiwan (Shih, 1988a). Although 
the intention of this workshop was to help the teachers design and modify 
their lesson plans, only a few teachers really have opportunities to employ 
these models in their day-to-day teaching. Possibly, this inflexibility is 
caused by a fixed course schedule, complicated content, teachers' 
educational background, and the entire teaching environment. 
A fixed course schedule usually directs teaching in most school 
settings. In the same school, teachers are often asked to follow a certain 
course schedule. By following this schedule, the teachers are able to 
evaluate student's cognitive, or academic, performance using the same test 
and administering it at the same time. Whereas, the course schedule leaves 
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the teachers little flexibility to redesign and modify their lesson plans 
in order to meet their individual student's needs. Consequently, the 
accomplishment of the schedule is emphasized so extensively that most 
teachers simply and faithfully select to follow the teacher's manual and 
textbooks. 
On the other hand, teachers have complained about the difficulty and 
the complexity as well as an inadequate sequence of the content. Li and 
Huang (1987) and Wang et al. (1988) coincidentally reported that less than 
half of the teachers investigated in their studies felt confident in 
delivering the content. As the curriculum should involve children in 
exploring science, it seems inappropriate, with all the attending problems, 
to impart extensive cognitive-based content. Thus, they further suggested 
needs to revise the curriculum and to improve teacher's competency, in both 
knowledge and skills related to science teaching. 
Furthermore, the educational background of teachers has much to do 
with their competencies in terms of designing and modifying lesson plans. 
Due to a severe shortage of teachers in Taiwan after World War II, many 
high school or collegiate graduates were recruited as elementary teachers 
if they passed the elementary teacher certificate test. Nevertheless, 
neither did these graduates posses any teaching knowledge nor were they 
aware of elementary education theory and practices, especially in child 
development. 
There have been extensive efforts devoted to improve teacher's ability 
in teaching. Numerous qualified teachers have been prepared to serve in 
schools during the past forty years. Nevertheless, the capabilities of 
adopting and delivering the concurrent science content still remains 
deficient among teachers. 
Finally, the entire teaching environment is another major barrier for 
teachers to design and modify their lesson plans. Extensive pressure in 
academic achievement from parents and the society is one of the obstacles. 
In addition, extra administrative tasks, large class size, and additional 
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paper work also tend to overwhelm the teachers. In fact, these obstacles 
have become such a burden that teachers cannot concentrate on teaching, 
not to mention being well prepared for instruction. 
Utilize instructional aids Studies in relation to utilizing 
instructional ai'ds by teachers revealed a certain degree of difficulty in 
maintenance and fitness to students' needs (Chen, 1986). In addition to 
manipulating apparatus, some homemade instructional aids call for teachers 
to be capable in designing and building such devices. Nevertheless, 
studies reported that most teachers do lack knowledge and skills in 
creating desired apparatus and instructional aids. Time and course 
schedule are also crucial for the teachers to construct an useful device to 
help their teaching (Chen, 1984; Liu, 1988b). In fact, Lee (1983) found 
that only those teachers who graduated from a teachers college showed more 
confidence in performing experimentation and manipulating apparatus than 
did teachers who graduated from other colleges. Still,, maintaining and 
utilizing these instructional aids are typical problems noted by teachers. 
Develop hands-on proiect-oriented activities Other than carrying 
out activities suggested in the teacher's manuals, student practice books, 
or textbooks, teachers seldom develop activities that can meet their needs 
in teaching a certain concept. The suggested activities are ideally 
conceived and ignore a hands-on type of instruction. The attempt of these 
activities is mainly to involve children in the science process, which has 
been considered a flawed concept concerning how scientists work. However, 
Cross (1990) argued that using such a misunderstanding concept to teach 
science at the primary level has frustrated teaching, hobbled science 
education, and turned youngsters away from science. The teachers, however, 
rely heavily on these developed activities in which students are discovered 
to learn concepts by rote and by looking for the right answers instead of 
simultaneously discovering facts in science (Yang & Hsiu, 1987). 
Because of this manifest reliance on the activities suggested in the 
textbooks, teachers seldom consider the option to develop their own 
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projects. Or, they faithfully and thoroughly adopt projects developed by 
other teachers without making any adjustment to accommodate individual 
differences. Unfortunately, this occurs with both self-contained classroom 
teachers and science teachers. 
channels to improve instruction The means adopted by teachers to 
improve their instruction in Taiwan are varied. Revising lesson plans after 
teaching a unit, consulting with colleagues, attending diverse workshops, 
or taking advanced study at specific institutions are methods that most 
teachers adopt. At times, teachers look for different venues to meet 
individual needs if ample time is available. 
On the other hand, considered a means of improving instruction, the 
bachelor's degree in elementary education offered by teachers colleges 
appeals to a large number of teachers, since 1989, the nationwide nine 
teachers colleges have offered such bachelor's degree to elementary 
teachers by means of in-service training programs, in addition to the 
regular students in the colleges. This encourages many teachers to pursue 
professional growth in teaching. Consequently, it creates a new challenge 
for educators in teachers colleges to revise and update materials used in 
the programs that will meet the needs demanded by the teachers. 
Based on the knowledge above, apparently, there is a need in seeking 
means to assist the teachers to develop hands-on activities and further to 
improve their instruction. However, techniques employed in industrial 
arts activities and projects have been considered useful tools for 
laboratory instruction (Haley, 1978, pp. 29-66). Not only do these 
activities and projects involve hands-on exercises extensively, but also 
they can lead students to explore and discover technology which is 
significantly related to science. By taking the advantage of these 
experiences and techniques to develop science lesson plans and student 
activities, it is believed that teachers will improve their competencies in 
teaching. This, in turn, also enables them to lead children to explore 
science as well as to become aware of today's technology. 
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Nevertheless, studies (Hsiu, 1990a; Shih, 1988a; Wang et al., 1988) 
merely showed that teachers were willing to enhance and improve their 
teaching abilities by taking advanced courses in a teachers college. If 
the method proposed above is going to be introduced to teachers in such 
institutions, an understanding of teachers' responses would help to improve 
the method prior to being presented to teachers. However, no efforts have 
been made to understand how teachers will respond to any new methods 
introduced to them prior to adoption and implementation of the methods. 
From the researcher's point of view, this appears a problem related to the 
teachers' perspectives toward a new method being introduced to them, which 
has fostered in carrying out this study. 
Statement of the Problem 
As such, the problem raised here is how would teachers respond to a 
new framework with which they could improve their teaching techniques in 
science teaching. More specifically, this study was designed to 
investigate how teachers perceive the identified strategies and components 
that constitute this new framework related to science teaching. 
Therefore, two major tasks were considered for this study. First, 
traits embraced in industrial arts projects and science activities were 
identified and were called Strategies and Components (SC). Second, the 
elementary teachers' perspectives, in terms of importance, feasibility, and 
adoptability, toward these SC(s) were investigated, analyzed, and 
synthesized. The accomplishment of these two tasks contribute to the 
revision of the SC(s). 
Purpose of the Study 
The purpose for this study is to seek and propose useful and plausible 
SC(s), which are helpful for developing project-oriented activities in 
elementary science, to be considered as updated course materials in 
teaching elementary science at teachers' college. In other words, by 
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asking perspectives from the Taiwanese elementary teachers, this study 
tried to validate the SC(s) in terms of importance, feasibility, and 
adoptability. 
Hypotheses of the Study 
To achieve the above purposes, this study attempted to secure answers, 
from a selected group of teachers in Taiwan, related to the following 
questions: 
Question 1: Are the SC(s) perceived as useful, as measured in terms of 
importance, feasibility, and adoptability, in developing 
project- oriented activities for science teaching at the 
elementary level? 
Question 2; What variables, related to school and teacher, influence the 
perception of elementary teachers toward feasibility of the 
SC? 
Question 3; What are the latent difficulties for the teachers to employ 
the SC(s) in developing project-oriented science activities as 
they perceive the SC(s) which are important but perhaps not 
feasible or not adoptable? 
Specifically, hypotheses related to each question were constructed as 
follows. 
Hypotheses for question Ir 
A. As perceived by the teachers, the feasibility of the SC(s) is 
positively associated with both importance and adoptability. 
B. The items of the SC included in "PART 1: Topic Identification" 
are considered more important, feasible, and adoptable than items 
in other parts as perceived by the selected teachers. 
C. The items included in the two parts, "PART 3: Model or 
Instructional Aids Design" and "PART 4: Model or Instructional 
Aids Construction," are considered more important and adoptable, 
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but less feasible than those items in other parts as perceived by 
the selected teachers. 
Hypotheses for question 2; 
D. Teachers who graduated from a teachers' college perceive the SC(s) 
as more feasible than do those teachers who graduated from other 
colleges. 
B. Science teachers perceive that the SC(8) are more feasible than do 
the self-contained classroom teachers. 
F. Male teachers perceive the SC(B) as more feasible than do female 
teachers. 
G. Both age and years of teaching experience positively affect the 
teacher's perception on the feasibility of the SC(s). 
H. Teachers of higher grade students perceive the SC(s) as more 
feasible than do teachers of the lower grade students. 
I. Teachers perceive the SC(s) as feasible differently when compared 
by type and location of school. 
J. There are interactions between educational background, type of 
teacher, location of school, and type of school in terms of the 
feasibility of the SC(s) as measured by the selected teachers. 
Hypotheses for question 3; 
Items, which were perceived to be feasible or adoptable by less than 
one-half of the participating teachers were analyzed based on the following 
two hypotheses. 
K. Variables such as educational background, type of teacher, and sex 
have a tendency to prevent a teacher from considering the SC(s) as 
feasible, although the teacher may consider the SC(s) as important 
and possibly adoptable. 
L. Type and location of school also tend to affect the teacher's 
perception on the feasibility of the SC(s). However, teachers do 
perceive the SC(s) as important and possibly adoptable. 
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Design of the Study 
As mentioned earlier, this study was designed to accomplish two major 
tasks, (1) identifying the SC(s) and (2) investigating teacher's 
perceptions toward the SC(s). The first task was completed mainly by 
integrating and merging two checklists. These checklists were established 
by analyzing and identifying the SC(s) involved in activities and projects 
in both elementary science and industrial arts. Afterwards, the SC(s) were 
categorized into the following six parts: 
1. Topic identification, 
2. Students factors, 
3. Model or instructional aids design, 
4. Model or instructional aids construction, 
5. Model or instructional aids implementation and other usages, and 
6. Model or instructional aids evaluation. 
The second task, on the other hand, utilized a survey method to 
investigate selected subjects regarding their perspectives on the three 
aspects, i.e., importance, feasibility, and adoptability. Moreover, this 
study examined both school and teacher variables that were considered as 
factors influencing teacher's perception. The independent variables chosen 
for the study include: 
1. Age, 
2. Sex, 
3. Educational background, 
4. Grade level taught, 
5. Type of teacher (i.e., science or self-contained classroom 
teacher), 
6. Years of teaching experience, 
7. Location of school where subject is currently teaching, and 
8. Type or size of school, i.e., the legitimate classification for 
elementary schools in Taiwan. 
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Afterwards, data were analyzed using statistics Analysis System (SAS) 
software. Techniques related to frequency, percentage, and Chi-square were 
employed to analyze demographic data. And, statistical methods including 
the Pearson's correlation coefficient, general linear regression, t-test, F 
test, ANOVA, and Duncan's multiple range comparison were utilized for 
testing the designed hypotheses. Also, mean plots were used to examine the 
relationship between the three aspects, i.e., importance, feasibility, and 
adoptability, as well as the pattern of teachers' perceptions toward the 
SC(s) by the identified independent variables. 
Assumptions for the Study 
Two assumptions were made for this study: 
1. The elementary teachers, in Taiwan, participating in this study 
have had experience in teaching science. 
2. The elementary teachers, in Taiwan, are aware of the rationale and 
the principles of instructional design. 
Delimitations of the Study 
Due to time and budget constraints, the following delimitations were 
made for this study. This study involved only those elementary schools 
that are located within the supervisory district of Pingtung Teachers 
College (PTC) in Taiwan. The schools, in the desired district, included 
all elementary schools in both Kaohsiung and Pingtung County (see Figure 
1). Thus, the subjects involved in this study were those teachers who 
currently work for these schools. In addition, these teachers were either 
science teachers or self-contained classroom teachers who have had 
experience in teaching third, fourth, fifth, or sixth grade students. 
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Definition of Terms 
Elementary Science Education An integrated subject comprised of 
subjects in physics, biology, chemistry, and earth science. It is also a 
part of the national curricula at the elementary level. 
In-Service Training Program A program particularly developed for 
in-service teacher education in Taiwan. The program is provided for 
elementary teachers who are willing to take courses at a teacher's college. 
The program offers collegiate level courses and a bachelor's degree in 
elementary education, especially for fields in mathematics and science, 
literature, sociology, arts and handcraft, as well as music and physical 
education. In addition, beginning in the summer of 1989, the program 
regularly offers both summer and weekend sections for teachers' convenience 
in taking courses. 
Proiect-Oriented Activities This term refers to activities in which 
students are engaged in a project or program that is product-oriented or 
process-oriented to accomplish a series of tasks. This type of activity 
includes the accomplishment of a product with an individual or team effort, 
manipulation of a variety of materials and tools, exploration of technical 
application in everyday life, and learning scientific processes involved in 
projects. 
Science Science is seen as a branch of knowledge or study dealing with 
a body of facts or truths systematically arranged and showing the operation 
of general law. However, it is also referred to systematic knowledge of 
the physical or material world gained through observation and experiment 
(Flexuer, 1987, p. 1716). 
Sunervisorv District A specific district where all elementary schools 
and kindergartens are officially supervised by a teacher's college. The 
teacher's college, on the other hand, is responsible for evaluating, 
consulting, and providing in-service training programs for teachers. There 
are currently nine supervisory districts in Taiwan assigned to the nine 
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teacher's colleges: Taipei (two colleges), Hsingchiu, Taichung, Chaiyi, 
Tainan, Pingtung, Taitung, and Haulain. 
Teacher's College fTCl A four-year college prepares qualified teachers 
for elementary schools and kindergartens in Taiwan. The college is a part 
of teacher education system for the nation supported by the government. 
Technology It is the branch of knowledge that deal with the creation 
and use of technical means and their interactions with life, society, and 
the environment, drawing upon such subjects as industrial acts engineering, 
applied science and pure science (Flexuer, 1987, p. 1950). 
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CHAPTER II. REVIEW OF LITERATURE 
The literature directly related to this study is somewhat limited. 
However, the theoretical literature and other research relevant to this 
study were examined. This chapter specifically discusses the literature 
and studies related to the following three fields in elementary science 
education: 
1. Science, Technology, and Society (STS): a review of children's 
technological awareness and the relevance of science to real life. 
2. Learning and Teaching Situation: an examination with respect to 
children's learning styles, instructional methods employed in 
teaching science, project methods as a means of integrating 
subjects, and studies of teacher's perspectives relative to 
teaching. 
3. Strategies Involved in Science Activities: an analysis of 
strategies involved in the activities and projects in both science 
and industrial arts. 
Science, Technology, and Society (STS) 
The drastic changes in the world are the consequences of technology 
evolution, which substantially and profoundly influence human life. While 
the results of advances in technology are around us, we heavily depend upon 
technology to fulfill our daily needs, which in turn makes our life more 
comfortable, healthy, and productive (Hacker & Garden, 1987). Seemingly, 
we all take this for granted. While technology extends human capabilities 
in many aspects, we, on the other hand, suffer from the consequences of 
technological development today. For instance, the greenhouse effect, in 
the earth caused by air pollution, is extensively affecting the weather 
worldwide. And, it has led to ecological changes of mother nature. This 
concern has been brought about to help us understand the interrelationship 
between science, technology, and society (James, 1988). 
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Likewise, Lauda (1 
...tha 
When Adeniy4 (1987) discussed this relationship, he briefly 
addressed: 
Much of technology is based upon science, and 
science is serviced by technology. Society, in 
turn, is greatly affected by developments in both 
science and technology (p. 526). 
985) pointed out: 
t science is a way of knowing, a breed of new 
knowledge. The fascination with science lies in 
its ability to give us a greater understanding of 
natural and physical worlds. Technology, on the 
other hand, is a process that seeks new uses of 
knowledge. Sometimes it, too, discovers new 
knowledge, but mostly the work consists of finding 
practical uses for the knowledge scientists 
generate (p. 5). 
Apparently, it is this sound interrelationship between science, technology, 
and society which advances the developments within each other. 
Debate regarding the relationship between technology and science has 
been found within and among scientists, technologists, and educators. One 
argument ia that technology is seen as the application of science and has 
made some science possible to meet human needs and wants (Iowa Dept. of 
Public Instruction, 1981). This perspective asserts that technology is 
applied science and has been argued to be a passive light (Hacker & Garden, 
1987). Hacker and Harden (1987) further stated that the extent of 
technological knowledge should essentially comprise of four aspects: 
scientific concepts, problematic data, engineering theory, and technical 
skill. Yet, technology is not merely an application of science itself. 
The debate, however, remains to clarify how the two aspects interact with 
each other. Doubtless, it is this intricate relationship which vitally 
affects the world and human life. Hence, the concern raised is how to 
assure our next generation to obtain sufficient knowledge and skills in 
relation to today's technology and become well-prepared citizens in order 
to cope with a constantly changing society. 
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Technological awareness of children 
Regardless of the argument above, advocates in technology education 
have tried to find the best way of defining and describing technology. In 
essence, according to Hacker and Garden (1987), technology is a way of 
applying knowledge to turn resources into goods and services that society 
needs. Technology is the process and the product of human endeavor to 
develop tools and systems to enhance human capacities (Selby, 1988). As 
stated by Hacker and Harden (1987), technology can be synthesized as 
follows: 
1. The sum of all human knowledge, used to transform resources for 
the purpose of meeting human needs, 
2. Things can be made and work better, 
3. A strategy for the survival of our species, 
4. The means by which people control or modify their natural 
environment, 
5. The practical application of a theoretical subject, 
6. The application of knowledge and the knowledge of application, 
7. The great, growling engine of change, 
8. A disciplined process that uses scientific, material, and human 
resources to achieve human purposes, and 
9. A major means to adjust to our environment. 
The knowledge above is helpful to understand the scope and extent of 
technological literacy, or technological awareness. 
Today, obtaining technological awareness in order to adapt to and 
succeed in this technology-based society becomes a solid need for everyone 
as an essential life skill (Pedras & Braukmarm, 1990). This need has 
inspired us to ensure that children are given ample opportunities to become 
aware of the world of technology, its evolution, innovations, and 
development. As Selby (1988) proposed, children can benefit from 
reinforcing their learning experience and knowledge by exploring a multi-
discipline experience in studying technology. Consequently, with 
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sufficient and adequate awareness in technology, children will learn how to 
live and manage technology without becoming enslaved by it (Pedras & 
Braukmarm, 1990). 
Although there is an absence of literature that addresses children's 
technological awareness, the means to introduce children to today's 
technology are varied. One approach suggested by most educators is to 
integrate science with other disciplines, wherein exploration in technology 
takes a major part. Selby (1988) argued that: 
If the study of science were approached primarily 
through technology, particularly 'during the first 
ten grades of school, the interest and imagination 
of teachers and students would be captured more 
readily than it is by most science curricula in use 
today. And the approach would be a more valid 
recapitulation of how science has developed out of 
technology than vice versa (p. 5) 
Since science is evidently related to the development of technology, this 
approach is considered as.useful and effective. In fact, it provides 
opportunities for children not only to obtain experiences in diverse 
disciplines, but also to learn how the learning of various subjects 
interact with each other. 
Relevance of elementary science to real life 
As discussed earlier, exposing children to technology can make science 
teaching and learning become more effective and practical. Newton (1988) 
confirmed this point of view by illustrating the relevance of science to 
people in the diagram as shown in Figure 2. He further concluded that it 
is this potential that makes science fulfill human needs. 
Science teaching, as claimed, is often too esoteric, too dry, too 
academic, too impersonal, and too far removed from everyday life and 
experience (Newton, 1988). Although science activities involve children in 
observation based on their nature of curiosity, Hsiu (1990b) pinpointed 
that sometimes children rarely show their concerns and interests in any 
phenomena as expected. In addition, studies (Hodson & Reid, 1988; Lu, 
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1983) indicated that an extensive impartation on a cognitive base often 
leads children to learn science by rote, to memorize instead of discovery 
and further build up that knowledge. Or, children may merely look for "the 
right answers" when they carry out a science experiment by following the 
procedures set up in advance by their teachers (Yang & Hsiu, 1987). These 
approaches have been criticized as "cookbook" or "recipe" types of 
instruction (Yang & Hsiu, 1987; Hodson & Reid, 1988), which cannot really 
accomplish any specific objective in science learning. 
human 
activity 
nature of 
science 
a world view 
of reality 
ethical and 
moral behavior 
consequences 
model for 
investigation 
and problem 
solving 
science offers the fulfillment 
of needs by virtue of being 
Figure 2. Relevance of science 
Criticism in science teaching was also pinpointed as consideration to 
improve ineffective teaching. Veiga (1988) found that students tend to 
retain and use intuitive notions in thinking about experience in science 
classes, although they were exposed to formal teaching. He further 
concluded that it is impossible to keep external, everyday, informal 
cultures out of the science classroom. Likewise, Hodson and Reid (1988) 
urged science teachers to recognize that children have already learned a 
great deal of science by the time j:hey arrive in school science lessons. 
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Hence, it is the responeibility of the science teacher to build up that 
knowledge, not to ignore it. Ignorance of children's previous experience 
in science may be the cause which leads children to boredom, and not 
attracted toward science. 
In contrast, some science activities developed by teachers fascinate 
students in such a way that they are spontaneously and actively engaged in 
the activities. For instance, McDonald (1990) had children build boats and 
host a boat contest by themselves which turned out to be successful. And, 
the authors' (Denny & Denny, 1990) students enjoyed their class in which 
they studied heat by using ice cream as heat absorbing material. Activity 
in ceramic magnets proposed by Barrow (1990) introduced children to the 
concept of a magnetic fields which encouraged students to secure relevant 
materials in daily life for their science classes. Furthermore, utilizing 
facilities in playgrounds such as slides and swings, suggested by Dreyer 
and Bryte (1990), foster and evoke children's learning in an environment 
with which they are familiar. These activities have been carried out 
successfully and effectively to engage students and foster their interests 
in science lessons. Consequently, these activities provide evidence that 
there are a variety of ways to exciting and interestingly carry out science 
lessons other than to traditionally manipulate apparatus and 
experimentation. 
One common component in these types of activities is the involvement 
of real life into science classes. After students experimented with ice 
cream to learn about "molecules," Denny and Denny (1990) commented: 
Rarely had I seen them so excited and interested in 
a science lab—after all, this was an experiment 
sure to produce a much desired by-product (p. 17). 
Dreyer and Bryte (1990) also noted that: 
Actively participating in science on familiar 
ground helps students build their confidence to 
learn science and retain scientific principles more 
readily (p. 37). 
Moreover, McDonald (1990) pointed out that, after his "boat class," his 
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students benefitted from independent and cooperative learning. He further 
commented that the interdisciplinary projects are limitless and worth the 
time invested. Apparently, the success of these teachers and their 
activities help their students to realize that science is fun and highly 
related to their lives, not boring or difficult. In other words, it is 
this success that assists the students to make this attitude and awareness 
toward science a part of their learning process and face science in a more 
positive way. 
Learning and Teaching Situation 
An old western adage can best describe the teaching and learning 
situation: 
You can lead a horse to water, but you can't make 
him drink. 
Likewise, one four-word Chinese proverb points out that teaching and 
learning always interact and benefit from each other. We cannot merely 
drill a hole and pour knowledge into the cranium and expect children to 
gain what has been poured (Karlin & Berger, 1971). In other words, we 
cannot demand interest, but we can entice it. Similarly, we cannot mandate 
creativity but, we can nurture it. Hodson and Reid (1988) argued that 
successful learning is more a consequence of a willingness to learn rather 
than a fundamental ability to learn. It is also believed that learning is 
more likely to be successful when there are a variety of stimulus and 
learning approaches. By sharing the responsibility for learning, teacher 
and learner can become accountable and compensated to each other (Hodson & 
Reid, 1988). This section addresses these aspects within the teaching and 
learning situations in science education. 
Children's learning stvle 
Many theories and studies have addressed issues with respect to 
learning theories and child development. Theories developed by Robert 
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Gagné, Jean Piaget, and J. S. Brunner are the most famous, valuable, and 
referenced by most researchers. However, it is not the intention of this 
study to discuss these theories. Instead, this study examines how children 
learn science, how school settings and the learning environment affect 
their learning as well. 
In essence as children learn, they formulate their own ideas in 
relation to what they have seen, smelled, touched, heard, and felt (Driver 
et al., 1985). They primarily use their sensory organs to receive 
information from the outside. The children retain their own way of 
thinking science or any phenomena from mother nature, regardless what they 
have been taught in science classes (Veiga, 1988). In other words, the 
fact of the nature of children's learning style, i.e., beginning with 
concrete objects toward abstract concepts, explains how they facilitate 
their learning experience (Chen, 1983; Chuang, 1984; Lee, 1979; Liu, 1988). 
McCoy (1990) confirmed this viewpoint and noted: 
Being able to physically act on objects makes 
concepts more real to children....Students can't 
develop logical thinking from memorization, 
worksheets and workbooks. They learn by doing 
(p. 4). 
Evidently, children can learn better in an environment that involves 
concrete, hands-on exercises. 
Besides learning by their very instinct, children also build up that 
experience in their own way (Chen, 1989; Hong, 1985). Their ideas related 
to these experience are somehow incoherent and stable (Driver et al., 
1985). Driver et al. pointed out that this may be caused by their learning 
styles. In most cases, children learn by their very nature, curiosity 
(Blough & Schwarty, 1974; Karlin & Berger, 1971; George et al., 1974). 
And, they often learn from their fellow students. Hence, cooperative or 
peer learning takes place in many learning situations (Dreyer 5 Bryte, 
1990; Mereban, 1987). Children, if they spontaneously learn science, owe 
their willingness and interests to learning, based on their previous 
experiences from other fields (Karplus S Thier, 1967; George et al., 1974). 
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Stimuli, to foster learning and build-up positive and appropriate attitudes 
in learning, therefore, become vital to the design of an ideal 
instructional system for teachers. 
Other than stimuli, many internal and external factors also influence 
effectiveness of instruction and outcomes of children's learning in 
science. One intrinsic factor, e.g., children's ability to question is 
crucial and sometimes may become a severe barrier to learning (Hsiu, Y. S., 
1990). Physical and mental deficiencies are also well-known to be severe 
obstacles in the stage of intellectual development to some disadvantaged 
children (Blough & Schwarty, 1974; Coble, 1985; Rice, 1983). These 
internal factors are fairly well recognized by most teachers as they try to 
learn the nature of their students. 
On the other hand, the external influences come from diverse sources. 
For instance, cultural differences, economic status, and parent's 
background all influence children's learning to a certain extent (Chen, 
1981; Chen, 1983; Chen, 1987; Huang, 1980). Materials used in science, 
such as textbooks, science reading assignments, etc., affect children in 
learning science to some degree (Chen, 1987; Huang, 1980; Lin, 1989b). 
Furthermore, factors in relation to teachers are crucial to both 
teaching and learning. For example, the teacher's abilities in delivering 
content, manipulating apparatus, demonstrating processes of 
experimentation, and utilizing instructional aids may substantially affect 
his/her preparation for instruction (Boikai, 1989; Hodson & Reid, 1988; 
Lee, 1983; Wang, 1989). Interest and willingness to teach science as well 
as attitudes and expectations toward teaching are also important variables 
influencing teaching and learning (Boikai, 1989; Hodson & Reid, 1988; Lee, 
1983; Sidney, 1989; Wang, 1989; Yeany, 1977). The list of factors goes on. 
As synthesized by O'yang (1984), the factors influencing children's 
learning include those elements in the aspects of environment, emotional, 
social, physical condition, and psychological status. Yet, variables 
related to teachers reveal evidence to influence learning, too. It was 
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recognized, then, that the more we learn about the nature of the learner, 
children, the more effective means to achieve successful learning maybe 
secured. 
Instructional methods employed in science teaching 
Several methods have been developed and utilized in science teaching 
at the elementary level. Specifically, this study reviewed some of the 
methods that are concurrently employed in the United States and in Taiwan. 
Traditional scientific method Science is well-known as a practical 
discipline based on first-hand experience. To introduce children to how 
scientists do science, scientific processes are included in most textbooks 
as major ingredients of science activities. According to Halpin and Swab 
(1990), the classic instruction of the scientific method comprehends the 
following sequence: 
1. Pose a problem, 
2. State a hypothesis, 
3. Test that hypothesis by designing a laboratory experiment in which 
all the variables are controlled, except for the one being tested, 
4. Observe and record information, 
5. Analyze the data, 
6. Draw conclusion, and 
7. Accept or reject the hypothesis. 
This method has been employed and treated as a fundamental method in 
science classes for quite a long time. 
However, Cross (1990) and Halpin and Swab (1990) argued that research 
conducted by famous scientists, such as Einstein, Edison, Hubble, or 
Fossey, may not fit into this sequence. They further commented that it 
limits students and teachers, if the classic method is strictly adhered. 
Also, Cross pointed out that the human side of the process is more natural 
and attractive to children. As such, he suggested that teachers involve 
activities with an expectation of unexcited accident, intuition share of 
28 
experience, and communication for swapping wisdom and exchanging ideas to 
science learning. 
Primary science skills To improve the traditional scientific 
method, Evans (1987) proposed a framework where scientific processes are 
utilized in a more flexible and logical sequence. In Evans' model (see 
Figure 3), seven fundamental processes, appropriate for elementary 
students, are suggested. And, double-headed arrows are used to indicate 
multiple linkages within the processes. Apparently, communication skills 
are the most important component in this model with which children share, 
exchange, and modify their ideas with their fellow students. This, in 
turn, clarifies children's thinking and enhances their mental development 
afterwards. In contrast to the traditional scientific method, there is no 
clear-cut stage within the processes involved in this model. Ultimately, 
Evans suggested that teachers should encourage children to hypothesize or 
question what they suspect when employing this model. 
MEASURING 
OBSERVING CLASSIFYING 
COMMUNICATION 
TESTING IDEAS 
USING EQUIPMENT 
USING HYPOTHESES 
Figure 3. Skills included in primary science teaching 
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The learning cvcle The learning cycle originated from the famous 
Science Curriculum Improvement Study (SOIS) at the University of 
California, Berkeley, (Karplus & Thier, 1967). This method is also known 
as the inquiry method developed by Robert Karplus in 1963 (Karplus & Thier, 
1967). The learning cycle, or the inquiry method, has been prevalently 
implemented in science classes in the United States (Barman & Kotar, 1989). 
Whereas, studies (Faraj, 1987; Sidney, 1989) reported no significant 
outcomes in terms of improving a student's critical thinking skills, 
achievement, and attitude toward science while using this method. Still, 
it can be an effective teaching method, as other literature revealed 
(Barman & Kotar, 1989; Chuang, 1990; Wassermann, 1988). 
The major tactic in the learning cycle is the use of discovery and 
inquiry approaches. In contrast to the traditional, students subjected to 
this method are provided with opportunities to engage in hands-on 
activities prior to being introduced to new materials. Subsequently, the 
students are tied in a series of discovery and inquiry processes to achieve 
the desired objectives. 
EXPLORATION 
CONCEPT 
APPLICATION 
CONCEPT 
INTRODUCTION 
Figure 4. The learning cycle 
Basically, this method includes three distinct phases as- shown in 
Figure 4 (Barman & Kotar, 1989): 
1. Exploration 
At the beginning of instruction, students explore new materials and 
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ideas related to the content that will be taught later. The students also 
make observations and collect data as desired. 
2. Concept Introduction or invention 
During this phase, the teacher guides students in large group 
discussions. The teacher helps the students organize observations and find 
existing patterns. Then, the teacher introduces vocabulary related to the 
concept by using various teaching aids. 
3. Concept Application or Discovery 
At this phase, the teacher poses a new situation or problem that 
students can solve by applying or extending the new concept. This, in 
turn, often involves students using additional hands-on activities which 
reinforce the understanding of the learned previous concept. 
The learning cycle provides effective teaching strategies that 
directly involve students in an active investigation to science experience. 
Similar to the learning cycle, one model, as proposed by Wassermann (1988), 
was comprised of three stages: play, debrief, and replay. The central 
belief of this model is that children will build on their knowledge and 
experience to formulate a full concept through play to acquire information. 
Thus, the play stage refers to the exploration phase in the learning cycle, 
debrief refers to the concept introduction, and replay refers to 
application. The two methods offer students opportunities to explore new 
material prior to any provision of related information. This is in 
contrast to the traditional method employed in science teaching. 
The inauirv method emoloved in Taiwan The SSIC curriculum was 
partially adopted by the Committee of Curriculum Development for Elementary 
Science Education in Taiwan at the developmental stage (Tung, 1986). 
Nevertheless, the committee strongly suggested the inquiry method to 
teachers by including the introduction of the method in teacher's manual 
(National Institute of Translation and compilation, 1982). This method, 
while described in the teacher's manual, was differentiated into "inquiry 
by discovery," "rational inquiry," and "inquiry experimentation" (National 
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Institute of Translation and Compilation, 1982, pp. 61-69). However, this 
method is based on the learning cycle to actively involve student's 
participation in suggested science activities (Chuang, 1990). In fact, the 
emphasis of this method focuses on the establishment of children's ability 
in the scientific processes (National Institute of Translation and 
Compilation, 1982). 
SEARCH 
Finding Fact SOLVE SHARE 
SkiU Learning 
CREATE 
Figure 5. The SSCS problem solving cycle 
The SSCS problem solving cvcle The search, solve, create, and 
share (SSCS) model (refer to Figure 5), originated by Edward Pizzimi in 
1987, is a four-step cyclical model. This model was created to teach 
students problem-solving skills. Also, this model is based on the premise 
that students meaningfully learn problem-solving skills and science 
concepts through concrete experiences in solving problems in science 
(Pizzimi et al., 1989). 
1. Search phase: students identify or develop a scientific research 
problem by using some idea generating techniques, e.g., 
brainstorming. 
2. Solve phase: students carry out their plans in solving the 
problems identified earlier. The students may need to return to 
the search phase to refine their problems if necessary. 
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3. Create phase: students will come up with concrete products, make 
comparisons about the data, or draw generalizations in relation to 
the problems. This phase enables the students to evaluate their 
own thinking process. 
4. Share phase: students simply communicate their products and ideas 
with others. This phase provides students opportunities to 
articulate thinking through communication and interaction, receive 
and process feedback, reflect and evaluate solutions and answers, 
and generate potential search questions. 
Experiential learning method Proposed by Muriel Karlin and Regina 
Berger (1971), the experiential learning method essentially encourages and 
provides a means to teachers in securing a multitude of stimuli in order to 
catch interest and attention of every child. This method emphasizes giving 
children a multiplicity of experiences rather than instructing them by 
lecturing or reading; stimulating them to thought and action, rather than 
directing them to writing and drawing. Programs in which this method is 
employed involve the use of many activities and projects. These activities 
and projects, in turn, call for teachers to teach skills needed to enable 
students to participate and complete the activities. 
Nevertheless, this method focuses on accomplishing the goals of self-
directed and self-motivated activities. It also requires some 
considerations prior to carrying out any activities (Karlin & Berger, 1971, 
pp. 21-27). These considerations include: control of disciplinary 
problems, selection of material and activities relevant to life, constant 
encouragement and praise to the children, provision of a variety of 
activities, and differentiation of individual needs. Incidentally, studies 
(Barrow, 1990; Denny & Denny, 1990; Oyche & Stefanich, 1989; Kydd, 1990; 
Kyle et al., 1990; Totten & Tinnin, 1988) found that teachers feel more 
competent in instruction of science lessons by employing this method. 
It is recognized, however, that teachers need to use alternative 
methods to enrich classroom climate and foster learning (Hodson & Reid, 
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1988). No one method can fit all instructional needs and student's 
variations (Chuang, 1990). Therefore, it is determined by the teacher to 
secure an adequate teaching method to fit individual needs and be adaptable 
to students. 
Project method as a means of integrating subjects 
Project method of teaching is one of the most commonly used 
instructional procedures, especially in industrial arts (Maley, 1978). By 
definition (Neufeldt & Guralink, 1988, p. 1075), the project is a specific 
plan or design; an idea; a planned undertaking as a definitely formulated 
piece of research, or as a task or problem engaged in usually by a group of 
students to supplement and apply classroom studies. According to Maley 
(1978): 
The project method in educational practice is a 
methodology that makes use of a constructional 
vehicle. Its purpose is to carry, implement, and 
develop the content and processes associated with a 
course, as well as contribute to the development of 
the individuals. All of this is in keeping with 
the goals of the experience. Skills, 
understandings, and processes are developed and 
applied in a measure through involvement in the 
project (p. 108). 
Consequently, the project method actively involves students in a variety of 
learning situations by accomplishing products or solving problems by using 
the diverse disciplines taught. 
The project method, therefore, can be seen as a multi-disciplinary 
approach to achieve specific educational goals (Cohen & Staley, 1982). 
Maley (1978) suggested visualizing the project as "the trunk of a tree that 
gives support to a number of different educational activities" (p. 107). 
In an undertaken project, students purposefully incorporate knowledge and 
skills from many different subject areas (Cohen & Staley, 1982), which in 
turn practice their problem-solving skills. As pointed out by Maley (1978, 
p. 117), this method makes use of valid educational concepts related to 
student involvement, content application, and integration of subject matter 
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within and across disciplines. Evidently, as an effective avenue, the 
project method provides an opportunity for students to recall previous 
learning experiences from various areas to apply to meaningful learning. 
Other than an approach in integrating subjects, one advantage of using 
this method is that the project method can take a variety of aspects, such 
as investigating, analyzing, planning, constructing, synthesizing, 
evaluating, purposing, defining, and relating (Maley, 1978, p. 107). This 
allows students to plan and secure the means to accomplish the task as they 
desired, but, under some restraint. Consequently, as a result of utilizing 
problem-solving skills on the project, students can increase their 
productivity and creativity in their learning processes (James, W. K., 
1990). 
Studies of teacher's perspectives in relation to teaching 
Since one of the major tasks of this study is to investigate and 
analyze the elementary teacher's perspectives, studies in relation to this 
aspect were examined. Particularly, this study reviewed those studies that 
are directly and indirectly related to teaching. 
Studies with regard to teaching are diverse. For instance. Hill 
(1988) interviewed five beginning, first-year teachers and detected 
characteristics related to effective teaching as perceived by the teachers. 
On the other hand, Sidney (1989) questioned the effects of the inquiry 
method in terms of critical thinking skills, achievement, and attitude 
toward science. Boickai (1989) studied how teachers perceive their 
teaching and its relation to student's critical thinking, while Lenk (1987) 
examined the relationship between process-orientation to science teaching 
and active teaching practice. Likewise, Bluhm (1979) experimented process 
model instruction toward improving teacher's abilities. With a team 
effort, Crocker, Shaw, and Reed (1990) investigated how encouragement and 
discouragement received by teachers affect their teaching style. These 
studies are discussed in detail in this section. 
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Effective teaching is one of the main goals that most teachers 
pursue. As a result of his study, characteristics such as caring, 
understanding, relationship, and positive interaction with students were 
identified by Hill (1988) as the tactics underlying effective teaching. 
Moreover, Hill found out that the teacher's abilities in terms of breaking 
things down to the children's level, using different techniques, taking 
other approaches, and organizing material effectively and efficiently, as 
well as classroom activities were significant factors that influence 
teaching in some ways. Hodson and Reid (1988) noted that teacher and 
learner interact frequently and both are responsible for successful 
learning. Ultimately, Hill suggested that teachers should be more flexible 
and willing to try new things, which in turn leave more room to improve 
their teaching. This is consistent also with what Karlin and Berger (1971) 
proposed in their book. 
As mentioned earlier, the inquiry method seems to provide an avenue 
for approaching effective teaching. The effects of this method were 
identified in terms of outcome of the students by Sidney (1989). By 
carrying out an experimentation using the inquiry method in four fifth 
grade classes, Sidney compared results from the experiment and control 
groups to determine the identified effects. He found, surprisingly, that 
the inquiry method for teaching science, as implemented in his study, did 
not yield significant effects on the three aspects. Also, two other 
outcomes from the study, gender of students, and the interaction between 
method of instruction and gender revealed no significant effects on 
thinking skills, achievement, and attitude toward science. Sideney's study 
implies that needs to improve the teacher's ability in implementing 
instructional methods contrasting to the traditional method should be the 
first consideration in developing any type of teacher training programs 
(Shih, 1988b). 
Besides teacher's ability in instruction, their beliefs about their 
teaching are found to affect students to some extent. Boickai (1989) 
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examined 200 Liberian high school teachers in terms of their perceptions 
toward teaching. Five aspects, teaching strategies, behavior, activities, 
in-service training, and demographic characteristics, related to the 
teachers were inspected using a self-administered questionnaire. The 
findings, not surprisingly, revealed that grade level affects the student's 
use of critical thinking activities. And yet, teachers with lower 
education level and 5-12 years of teaching experience showed a higher 
interest in teaching strategies than others. Accordingly, the teacher's 
instructional experience and educational background can be considered as 
factors influencing them in using new approaches to effective teaching. 
Most science curricula involve learning the scientific processes as a 
predominant part of science activities (Karlin & Berger, 1971; Karplus & 
Thier, 1967; National Institute of Translation and Compilation, 1982). 
While some teachers complain about the inconvenience of implementing the 
scientific method, Lenk (1987) examined how this affects teachers in terms 
of instructional preparation. Lenk ultimately pointed out that there are 
positive correlations between process orientation and actual teaching 
practice among the elementary teachers involved. He further detected that 
no matter how the teacher perceives science, the teacher devotes no 
significant difference of the amount of time in preparation. This finding 
implies a reduced anxiety for teachers as they consider employing process 
orientation in their teaching. Yet, Hodson and Reid (1988) criticized this 
finding and thought it might lead children to investigate the teacher's 
"problem," i.e., the problem is designed by the teacher not by the children 
themselves. 
Coincidentally, the process instruction model was experimented by 
Bluhm (1979) to determine if the model can improve pre-service teacher's 
abilities in terms of selecting, sequencing, and using science processes. 
A pretest-posttest control group design was used in the experiment. Bluhm 
reported that the process instruction model successfully improved a pre-
service teacher's competency in science process skills which is congruous 
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with results from studies undertaken by Brown (1977), Campbell and Okay 
(1977), and Jaus (1975). Consequently, involvement of Boienoo prooeas 
skills and knowledge has been emphasized in many program* for both pra-
service and in-service teacher training. 
After considering inconsistent situations encountered by student 
teachers within real classroom settings and university settings, Crocker, 
Shaw, and Reed (1990) investigated how inspiration affecta teaching style 
on both elementary and middle school teachers. Specifically, they examined 
how teachers may be encouraged or discouraged to transfer handa-on-acience 
teaching skills learned in university settings to the real school science 
classrooms. The results showed that teachers received mora encouragement 
than discouragement to use hhnds-on activities in their claaaroom. 
Furthermore, the research also indicated that a teacher'a early experience 
and feelings of personal success in teaching had a direct impact on the 
continued or discontinued use of hands-on science activities in his/her 
classroom. Findings from this study inspired this researcher to examine 
how teachers would respond to instructional methods taught or will be 
taught in university settings. 
The Strategies and Components Involved in the Projacta 
It would be helpful to the reader to define the so-called strategy in 
this section, since this study makes frequently use of the term. Strategy, 
as defined in Webster's New World Diotionarv (Neufeldt S Quralink, 1968) 
is: 
(1) an adaptation or complex of adaptations that 
serves or appears to serve an important 
function in achieving evolutionary succasa; 
(2) a careful plan or method, or the art of 
devising or employing plans or stratagems 
toward a goal (p. 1324). 
On the other hand, an instructional strategy, as defined by Dick and 
Carey (1985), is an actual product that can be used: 
1. as a prescription to develop instructional materials. 
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2. as a set of criteria to evaluate existing materials, 
3. as s set of criteria and a prescription to revise existing 
materials, or 
4. as a framework from which class lecture notes, interactive group 
exercises, and homework assignments can be planned. 
Hence, strategy can be seen as a plan or method which comprises certain 
ingredients toward a set goal. Using such a plan or method to 
instructional settings turns out an instructional strategy which helps 
teacher to better arrange his/her teaching plan in terms of objectives, 
content, sequence, activities, and aids. It is this definition which was 
adopted in this study. 
In elementary science 
After reviewing some programs and activities in science (see Appendix 
A), strategies generally employed by the elementary teachers in their 
science activities were synthesized by the following checklist: 
1. In identifying lesson topic: 
a. fit into students interests. 
b. relevant to life experience, 
c. use of current topic, 
d. relationship with other subjects, 
e. action-, product-, or process-oriented, 
f. full of fun or excitement, 
g. use of familiar environment to the children, 
h. appropriate for a particular season. 
2. In preparing instruction: 
a. consideration in selecting teaching style, 
b. consideration of alternative activities, 
c. list of materials if necessary, 
d. set expectations, 
e. consideration of individual needs, 
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f. consideration of cognitive development level of children, 
g. Involvement of students, parents and other teachers, 
h. analysis of the process if necessary, 
i. preparation for initiating stage, stimuli, etc, 
j. safety considerations. 
3. In delivering instruction, teaching, or carrying out activities: 
a. positive reinforcement, 
b. peer or group learning, 
c. peer competition, 
d. student self-directed, 
e. create problems-questions or inquiry, 
f. hands-on, make things or conduct experimentation, 
g. immediate feedback, 
h. exploration and observation, 
i. discussion. 
4. In evaluating student performance or achievement: 
a. game or contest, 
b. resolutions for problems, 
c. discussion, 
d. student's design of the test of hypotheses, 
e. presentation, 
f. writing story as a report. 
Although teachers may adopt any combination of programs or activities 
that are considered to be appropriate to children, an understanding of 
tactics and strategies underlying these programs or activities helps the 
teachers to better present new material to the children. And yet, science 
classrooms should be filled with fun and cheer for learning. 
In industrial arts 
A review of projects (see Appendix B) developed in the area of 
industrial arts revealed significant tactics underlying these projects 
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adopted by most industrial arts teachers. As a result of a synthesized 
effort, a checklist related to the strategies and components of these 
projects was determined as follows: 
1. Strategies 
a. the projects are essentially student self-directed, or 
student-centered, 
b. most projects integrate diverse subjects, 
c. project is designed to be practical, interesting, and related 
to daily life, 
d. students involved in projects continuously experience 
trial-and-error and learn "how to learn." 
e. projects developed for industrial arts are also applicable to 
other subjects, 
f. most projects engage students into activities wherein students 
learn how to cooperate and work with others as a team. 
2. Components 
Students who participate in these projects are essentially engaged in 
dealing with the following components or elements: 
a. materials: including various raw materials, semi-products, or 
by-products, 
b. tools, machines, or equipment, 
c. procedure or process, 
e. safety considerations, 
f. attitudes of constantly comparing, observing, and (questioning, 
g. techniques of problem-solving, 
h. work sheet or project plan: including a drawing of the 
product, bill of materials, list of tools, machines, 
equipment, procedures, and safety considerations, 
i. instructional aids: including a variety of films, photos, 
transparencies, slides, or models. 
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CHAPTER III. METHODOLOGY 
This study was designed to investigate the elementary teacher's 
perspectives, in Taiwan, toward the identified Strategies and Components 
(SC). Two major tasks were accomplished in diverse ways. Identification 
of the SC(s), on one hand, was derived from an analysis of both industrial 
arts projects and science activities. On the other hand, the teacher's 
perspectives were ascertained by employing the survey method. The 
following section narrates the methods and procedures used for this study. 
Identification of the Strategies and Components 
Identifying the Strategies and Components (SC) involved in projects 
and activities was no easy task. While there are various methods, this 
study attempted to extract those SC(s)s, mainly from publications, that 
relate to developing project-oriented activities for teaching elementary 
science in Taiwan. Checklists were devised, while analyzing projects and 
activities developed for both industrial arts and science. Furthermore, an 
effort was devoted to integrate the SC(s) included in the checklists with 
individual experiences. These significant inputs were from colleagues of 
this author at Pingtung Teachers' College, Pingtung County, Taiwan. These 
individuals are Assistant Professor Chen, Instructor Chaiou (both are 
teaching industrial arts). Dr. Kau (Chairman of Department of Elementary 
Education), Professor Jen, Assistant Professor Su, (Department of Science 
and Mathematics Education). Also, inputs were from Ms Yang (Instructor of 
Department of Industrial Education, National Taiwan Normal University, 
Taiwan), Ms. Haung (industrial arts teacher, Tainan An-Shuan Junior High 
School, Taiwan), and Mr. Lo, Mr. Yang, and Ms. Yu (graduate students. 
Department of Industrial Education and Technology, Iowa State University). 
As a result of this initial stage, a structured list of SC(s) was 
established to serve as a fundamental scheme for further classification. 
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Ultimately, the SC list was categorized into six parts that better 
portrayed the overall function, a tool to develop project-oriented science 
activities, which in turn provided a base for the instrumentation stage. 
Projects and activities analvsis 
During this stage, projects and activities developed in industrial 
arts and science were analyzed. The former were those projects suggested 
by some textbooks, journals, or workshop marterials (see Appendix B). The 
latter were derived from activities published in journals (refer to 
Appendix A), for instance, Science Activities. Science and Children. School 
Science Review, and Journal of Science Education, etc. These projects and 
activities were analyzed in terms of characteristics, elements or 
components, effectiveness of teaching and learning, comments of their 
authors, teaching tactics or tips, etc. As a result of this 
instrumentation stage, two checklists (refer to the last section: The 
Strategies and Components Involved in the Projects in Chapter II) were 
generated to provide a fundamental base for the next step, synthesizing the 
SC(s). 
Strategies and components svnthesization 
The preceding effort integrated findings from the previous stage. 
Primarily, findings from an individual project or an activity with the same 
meaning or similar concerns or situations were combined. Furthermore, 
input in terms of ideas and concepts from this author's colleagues, who had 
considerable teaching experiences in teaching industrial arts for 
approximately ten years, were integrated with the findings. Also, 
conclusions from discussions with the author's friends and colleagues 
(refer to p. 47 for these individuals) were also embraced into the 
previously scheme. Ultimately, some empirical experiences were found 
typically valuable, helpful, and useful at the elementary school level. 
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Identification and categorization 
The last step, then, categorized the above findings and formulated a 
systematic, logical framework for this study. Six categories were used to 
best portray the framework. These six categories are: 
1. Topic identification, 
2. Student factors, 
3. Model or instructional aids design, 
4. Model or instructional aids construction, 
5. Model or instructional aids implementation and other usage, and 
6. Model or instructional aids evaluation. 
These components provide a clear overview for the framework, although there 
may be other parameters. 
Framework of the identified strategies and components 
The following topical outline illustrates the framework which contains 
strategies and components identified at the previous stages. This 
framework served as a base for developing the questionnaire. 
A. Topic identification 
1. Teacher's attitude: 
a. keep student curious, 
b. allow student participation. 
2. Considerations : 
a. amount of time to teach, 
b. course schedule, 
c. when to teach, 
d. relationship with other subjects, 
e. suitability in relation to students' previous experiences, 
f. objectives, 
g. alternative teaching method or formats of activities. 
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3. Knowledge and skills involved: 
a. task analysis, 
b. flow chart to organize course concepts, new experiences 
and students previous experiences, 
4. Location of topic: 
a. refer to data base, 
b. developed projects, and 
c. published materials. 
5. Examples in daily life or interesting phenomena. 
6. Discussion of the topic with family, friends, colleagues, and 
students. 
B. Students factors 
1. Individual difference. 
2. Student interests of various ages. 
3. Learning experiences. 
4. Sex. 
5. Special needs or behavior disorders. 
6. Grouping method. 
C. Model or instructional aids (referred to as "model/aids") design 
After deciding on the topic of the activity, proceed to the following 
1. List student behavioral objectives. 
2. Locate parts or semi-products for substitutes. 
3. Draw initial sketches for the desired object. 
4. Write down desired functions on the sketches. 
5. Evaluate the functions. 
6. Draw detailed sketches of the object. 
7. Analyze procedure for constructing the object. 
8. Prepare a work sheet including detailed drawing, bill of 
materials, list of equipment, list of substitutes, and list of 
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categories of self-constructed and manufactured by outside 
sources. 
11. Follow up 
12. File resources 
2. Record 
procedure 
6. Modify work sheet 
7. Substitute material 
10. Develop lesson plan 
1. Build up the 
model or aids 
8. List feasible 
procedure 
5. Inspect & test 
functions 
3. Record mistakes 
or opinions 
4. Search for help 
(outside sources) 
9. Examine knowledge 
and skills Involved 
Figure 6. Procedure for modelmaklng 
D. Model/Aida construction—Modelmaklno (aee Figure 
1. Build the model/aids by referring to the work sheet. 
2. Record the procedure during the construction. 
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a. Video tape recording. 
b. Tape recording. 
c. Note taking. 
3. Record all mistakes made and perspectives during the 
construction. 
4. Ask for help from the community, such as student parents, 
colleagues, and enterprises to make the desired products. 
5. Inspect and test each part of the model/aids built to ensure 
its functions by considering the following factors: 
a. student learning experience. 
b. practicability of the object, 
c. related to daily life. 
d. interesting to students. 
e. scientific and technological concepts. 
f. safety considerations. 
e. integration of subjects. 
g. economic effectiveness and efficiency. 
6. Modify the work sheet by referring to all records. 
7. Make a similar product by using the substitutes desired and 
examine all functions if time is available. 
8. Make up a feasible procedure along with task sheets by 
examining all records made during the construction. 
9. Examine whether to include all knowledge and skills. 
10. Develop lesson plan, rehearse it, and make necessary 
modifications. 
11. Follow up and provide necessary assistance to those parts 
which are manufactured by the outside sources. 
12. File all referable and available sources and community 
resources. 
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F. Model/Aida Irhplementatlon and other usages 
Other than the desired and planned ways of implementations, the 
home-made model/aids can also be used in the following situations: 
1. In teaching demonstrations. 
2. Stimulate students at the beginning of the class. 
3. A reference for student project. 
4. To be placed in classroom as a part of the teaching 
environment. 
5. Project for any types of instructional fairs or exhibitions. 
6. Research project to improve teaching. 
7. To assist to solve teaching problems in other subjects or help 
other teachers with their teachings. 
G. Evaluation 
The following aspects are considered to evaluate the constructed 
model/aids. 
1. Approaches of achieving desired course objectives and student 
behavior objectives. 
2. The desired functions. 
3. The degree of difficulty to secure desired materials according 
to the bill of materials and list of substitutes. 
4. The amount and quality of student participation. 
5. The degree of difficulty of operations as demonstration are 
being executed. 
6. The degree of difficulties to which the model/aids are 
carefully and appropriately stored and moved. 
7. The degree of difficulties to construct the product and the 
amount of time devoted in the construction. 
8. The degree of integration of subjects. 
9. The timing and feasibility of the model/aids as these are 
implemented in teaching. 
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The Method of Investigation 
The following section describes the procedure of investigation used 
for this study. The four major steps involved in the investigation were: 
population and sample, instrumentation, investigation, and data analysis. 
The first step identified the population and the sample, and the method of 
sampling as well. The second step primarily deals with the development of 
the questionnaire for investigation. The third step is denoted to how the 
researcher carried out the investigation. Finally, the last step deals 
with the analyses of the data collected. The demographic data of the 
subjects involved in this study are also reported in this section. 
Population and sample . 
Population and sample identification contain several critical 
procedures that determine the success of this study. These procedures are 
addressed in detail as follows. 
Population Due to constraints in time, budget, and intended 
contribution of this study, the population was identified as the teachers 
who work in the supervisory district of Pingtung Teachers' College (see 
Figure 1 in Chapter I). In other words, teachers currently working in 
those elementary schools located in both Pingtung County and Kaohsiung 
County represent the population of this study. Moreover, the population 
was also defined as: 
1. either science teachers or self-contained classroom teachers, 
and 
2. those teachers with experience in teaching third, fourth, 
fifth, or sixth grades. 
The total number of teachers in Pingtung County and Kaohsiung County 
are 3,599 and 4,097, respectively. These data were according to 
Demographic Data of Public/Private Elementary and Secondary Schools. 
devised by the Bureaus of Education of Pingtung County and Kaohsiung County 
for the 1989 fiscal year. Then, the total population was estimated at 
around 5,130. Subjects for this study were selected from these 5,130 
teachers. 
Sampling Because of the difficulty in obtaining a name list of the 
target teachers, a stratified sampling method was adopted to randomly 
select schools where the subjects currently work. These schools were drawn 
from two school lists respectively obtained from the two bureaus. Two 
sampling levels were considered to draw these sample schools. The first 
level for sampling was county, while the second level was "type or size of 
schools" (hereafter referred to as type of school). Incidentally, the two 
counties are economically different. While Kaohsiung County consists of 
both agricultural and industrial areas, Pingtung County is typically an 
agricultural area. 
"Type or size of school" was decided primarily based on size and 
location of the school. For instance, an A-type school probably has more 
than 19 classes. Or, it is located in an urban area and has less than 19 
classes. A B-type school may be located in an non-urban area and has 
classes between 12 and 19. Schools, located in non-urban areas and with 
classes less than 12, are C-type schools. These school types are only an 
ordinary baseline to decide "type of school" since combinations of these 
requirements may vary. The type of school, however, has been treated as an 
official classification to identify the nature of schools. 
In order to minimize possible bias due to school type, a method to 
obtain a nearly equivalent sample size for each type of school was 
designed. It would not be plausible to draw the same number of teachers 
from all three types of schools, since a C-type school normally has fewer 
teachers than either a B-type or an A-type school. As such, a ratio, 1:2:3 
was decided as the ratio of sample size for each type of school. More 
specifically, from the third grade through sixth grade, there would be one 
teacher selected from each grade in a C-type school, two from each grade in 
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a B-type school, and three from each grade in an A-type school. 
In addition, different numbers of schools were drawn from each type of 
school in each county, based on the two school lists. Although numbers of 
schools for each type of school are nearly equal, the ratios for selecting 
schools from C-type, B-type, and A-type schools were 1/2, 1/4, and 1/6, 
respectively. By utilizing a random table, nearly one-third of the total 
number of all target schools were selected for this study. Data related to 
Scimpling procedure are reported in Table 1. 
Table 1. Mailing and retrieval of the questionnaires 
Type or size of school 
County ABC Total 
Bv School 
Pingtung (rate)* 90% 87% 71% 78% 
Send^ 10 15 34 59 
Return'' 9 13 24 46 
Kaohsiung (rate) 78% 91% 79% 82% 
Send 9 11 24 44 
Return 7 10 19 36 
Total (rate) 84% 88% 74% 80% 
Send 19 26 58 103 
Return 16 23 43 82 
Bv teacher 
Pingtung (rate) 59% 62% 62% 61% 
Sendr 120 120 136 376 
Return® 71 74 84 229 
Kaohsiung (rate) 57% 68% 64% 63% 
Send 108 88 96 292 
Return 62 60 61 183 
Total (rate) 58% 64% 61% 62% 
Send 228 208 236 668 
Return 133 134 145 412 
*Total number of packages of questionnaires sent. 
''Total number of packages of questionnaires retrieved. 
^(Return / Send) X 100%, 
^Total copies of questionnaires sent. 
®Total copies of questionnaires retrieved. 
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Table 2. Demographic characteristics of samples by school variables 
School Variable N® Percent 
Countv • 
Pingtung 205 55.3 
Kaohsiung 166 44.7 
Total 371 100.0 
size or Tvoe of School 
A-Type (Large) 115 31.0 
B-Type (Medium) 123 33.2 
C-Type (Small) 133 35.8 
Total 371 100.0 
Location of School 
Urban 49 13.2 
Country 253 68.2 
Sea/Mountains/Island 69 18.6 
Total 371 100.0 
^Numbers of subjects responded, while total number of subjects 
involved in this study is 371. 
As mentioned earlier, two school lists were used to determine the 
sample schools. These two lists contained all itemized information related 
to schools in the counties. Among the information were: name, type, 
address, town or city, telephone number, name of president, number of 
classes, number of students, number of staff members, as well as the date 
of school establishment. Also, the information included specific programs 
currently under way at the school. The two lists provided legitimate 
information for the sampling procedure. Ultimately, a table of random 
numbers (Ott, 1988, p. A-23) was used to randomly select a sample of 
schools from the lists. 
Table 2 reports characteristics of the sample by school variables 
while Table 3 presents that by teacher variables. Nevertheless, as a 
result of examining the retrieved questionnaires, some specific findings 
were depicted. For instance, nearly two-fifth of the total subjects are 
science teachers, while 44 teachers failed to respond. Approximately 68% 
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of subjects indicated grade level taught, yet 119 teachers (nearly one-
third of the total sample) didn't not respond grade levels and 13 teachers 
indicated more than two grade levels (see Table 3), which end up with 
missing data. 
Table 3. Demographic characteristics of sample by teacher variables 
Variable N Percent 
Gender 
Female 160 43.2 
Male 210 56.8 
Total , 370 (99.7)® 
GrouD of Rae 
Under 20 18 4.9 
21-30 105 28.3 
31-40 122 32.9 
41-50 68 18.3 
51-60 48 12.9 
Above 60 7 1.9 
Total 368 (99.2) 
Educational Backaround 
Graduate of TC 254 70.4 
Graduate of Non-TC (Courses) 87 24.1 
Graduate of Non-TC (No Courses) 20 5.5 
Total 361 (97.3) 
Grade Level Tauaht 
Mixed 13 5.2 
First & Second 5 2.0 
Third 48 19.0 
Fourth 52 20.6 
Fifth 60 23.8 
Sixth 74 29.4 
Total 252 (70.0) 
Subject Tauaht 
Science 118 36.1 
Self-contained 209 63.9 
Total 327 (88.1) 
Years of Teachina 
Less than 1 43 11.9 
2-3 56 15.6 
4-6 37 10.3 
7-10 27 7.5 
11-15 47 13.1 
16-20 51 14.2 
More than 20 99 27.5 
Total 360 (97.0) 
^Percent of valid sample size, excluding missing data, by 
total respondents, N=371. 
One possible reason that caused these missing data, as confirmed by 
phone to the deans, is that most elementary teachers are assigned to teach 
more than one subject to classes regardless of grade levels. For instance, 
one teacher indicated he/she teaches Chinese at the third grade, mathematic 
and science at the fifth and sixth grades. He/she considered him/her-self 
as a science teacher, however, he/she is teaching diverse grades. As such, 
many other teachers may fail to specifically indicate grade level taught 
since they were asked to respond to one grade level. And, many of them 
felt it troublesome to write down in detail. 
However, the sample selected by the deans instead of being directly 
drawn from the population turns out to be valid. Although less science 
teachers were selected than were self-contained classroom teachers to be 
involved in this study (refer to Table 3), the sample can represent the 
desired population in terms of type of teacher, both science and self-
contained classroom teacher as desired in this study. Furthermore, the 
numbers of teachers selected from each grade, from third through sixth, are 
equivalent (X^=7.556, with degree of freedom=3, p>0.05). 
Instrumentation 
To obtain sufficient, valid data for analysis and the test of 
hypotheses, a self-administered questionnaire was developed as the major 
instrument for this study. The following section illustrates each step 
related to the instrument used for this study. 
Development of the questionnaire The questionnaire developed for 
this study was based upon the framework generated at the earlier stage 
(refer to the first section in this chapter and the last section in Chapter 
II). The questionnaire comprised basically of four parts: the title page, 
a cover letter to the elementary teacher from the investigator, section of 
personal data, and the major part—questions related to this study. 
Furthermore, a Likert scale with an indications of positive and 
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negative responses was used In the questionnaire to obtain responds related 
the SC(s). Respondents were asked to circle the numerical point on the 
continuum that represent their perception toward the SC(s) In terms of the 
three aspects. I.e., Importance, feasibility, and adoptability. A seven-
point scale was used for all three aspects in this instrument. Figure 7 
shows an example of the instrument's scale using this measurement 
technique. The same scale was also applied to the other two aspects, 
feasibility and adoptability with similar descriptions. 
extremely Importance extremely 
not 12 3 4 5 6 7 
important '—'—'—'—'—'—' important 
Figure 7. An example of measuring scale in the questionnaire 
In addition, language and culture differences were noted and dealt 
with by the following processes. Because subjects Involved in the study 
are Chinese, this Instrument was initially written in Chinese to ensure no 
misunderstandings due to language. The questionnaire was reviewed by some 
Chinese graduate students and colleagues of the investigator. Based on 
their suggestions, the questionnaire was revised. Ultimately, an English 
version of the questionnaire was translated from the Chinese version (see 
Appendix D and E for both versions). 
Only the English version of the questionnaire was submitted to the 
Committee of Human Subject for review and approval. The Iowa State 
University Committee on the Use of Human Subjects in Research reviewed this 
proposal questionnaire and concluded that the rights and welfare of the 
human subjects were adequately protected, that confidentiality of data was 
assured, and that Informed consent was obtained by appropriate procedures 
(see Appendix C). 
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Pilot study and reliability Reliability of the instrument was 
based upon results from the pilot study carried out at Pingtung Teachers' 
College in Taiwan sometime in mid-July, 1990. Those elementary teachers 
who are currently taking science courses at Pingtung Teachers' College were 
subjects of the pilot study. As a result of the pilot study, a 
coefficients (see Table F-1, Appendix F) were reported as reliability for 
items included in the instrument. These coefficients range from .9725 to 
.3454, as calculated by six parts with four aspects: importance, 
necessity, feasibility, and adoptability. An item analysis was also 
conducted to determine discrepancies among and within the items included in 
the questionnaire. Eventually, findings from correlations between the four 
aspects eliminated the aspect of necessity from the instrument, since it 
was highly correlated with the aspect of importance. 
I nvest iaat ion 
Seven-digit number: X X XX XXX 
A B C  D  > s u b j e c t  I D  
->school ID 
->type of school 
>county 
Where: A=0 if Pingtung County, and 1 if Kaohsiung County; 
B=1 if C-type, 2 B-type, and 3 A-type; 
C & 0=>seguence of schools or subjects being 
drawn. 
Figure 8. The coding system for sampling 
The coding system A seven-digit number coding system (see Figure 
8) included two variables, i.e., county and type of school and was used to 
differentiate the individual subjects who participated in this study. Each 
questionnaire was affixed with a seven-digit number created by this coding 
system. The deans of the academic affaire of the schools selected were 
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asked to assist in the investigation because of constant changes in the 
teachers' assignments at the elementary schools in Taiwan. These deans 
yere asked to distribute and collect questionnaires as well. The 
questionnaires, therefore, were sent directly to these deans instead of the 
target teachers. 
Retrieval and follow-up The retrieval of the questionnaires began 
two weeks after the initial mailing, September 20, 1990. Each returned 
questionnaire was inspected for missing or incorrectly followed 
instructions. Questionnaires, in which respondents answered only one or 
two aspects or more than 10 questions remained not responded, were 
identified as "incomplete." Thus, these questionnaires were removed from 
this study. Consequently, the total useful questionnaires initially 
included 371 instead of 412. 
Afterwards, a follow-up mailing was sent three weeks after the initial 
mailing. The procedure for the follow-up was made by phone to the 
individual deans. In fact, there were a number of deans who had received 
no questionnaires. After asking for assistance with the investigation, 
these deans were committed to this study. In addition, three deans 
responded they were too busy to help, which led to a re-drawing of 
equivalent samples for substitutes. Ultimately, as a result of the follow-
up, twelve packages of questionnaires were mailed. Table 1 reports the 
total number of questionnaires sent and retrieved in this step. 
Data analvais 
The data analysis involved an examination of the demographic data and 
tests of hypotheses. The Statistics Analysis System (SAS) was employed at 
this step. Frequencies and percentages were used to report demographic 
data in general (see Tables 1, 2, & 3); while the Chi-square goodness of 
fit test and the Pearson product-moment correlation coefficients were 
utilized to further analyze the subjects in terms of distributions. 
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Descriptive statistics, such as mean and standard deviation, as well as 
plots for means were drawn to generally report how the teachers perceived 
the SC(S) in terms of the three aspects: importance, feasibility, and 
adoptability. Furthermore, statistical analysis procedures, such as the 
t-test, general linear regression, as well as one-way and two-way ANOVA 
were employed to further analyze and test the hypotheses. The following 
sections describe the respective techniques used for each hypothesis. 
Hypotheses for question 1; Diverse statistical techniques were 
adopted to test hypotheses related to question 1. For hypothesis A, 
Pearson's product-moment correlation coefficient was essentially used to 
report results from the test of hypothesis. For hypotheses B and C, ANOVA 
tested variation among six parts with the three aspects. The F test was 
used to determine planned comparison, while the Duncan's multiple rang test 
was used to examine differences among means for parts interested. 
Hypotheses for question 2; In testing the hypotheses for question 
2, the t-test and general linear regression (6LH) were the two major tools. 
The former, t-test for independent group means, tested hypothesis B, C, and 
E, while the later, general linear regression, was adopted to test 
hypotheses A, D, F, and G. The interactions between independent variables 
were also examined by including these in the previous regression models. 
Hypotheses for question 3t Prior to testing hypotheses related to 
question 3, items of interest were identified. These items were perceived 
as feasible or adoptable by less than half of the teachers who participated 
in this study. Afterwards, the sum of these items was tested using Split-
Plot Factorial ANOVA to determine effects from the independent variables of 
interest. And, Duncan's multiple range comparison was used to determine 
different means variations due to one suspected variable was found. 
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CHAPTER IV. FINDINGS AND DISCUSSIONS 
The findings from data analysis contained in this chapter include four 
major sections: demographic data analysis, descriptive statistics for 
teachers' perspectives, tests of hypotheses, and summary of other findings. 
The first section deals with sample distribution. The second section 
reports basic statistics for the teachers' perspectives toward the 
identified SC(s) as formulated in the questionnaire. The third section 
tests the hypotheses posed in Chapter I. Finally, the last section reports 
responses from open-ended questions, choices from certain items, as well as 
answers related to general perspectives. In addition to presenting the 
findings, a brief discussion is made immediately after the end of each 
section. However, the answers for the three questions identified in 
Chapter I are addressed and discussed in Chapter V. 
Demographic Data Analysis 
The intention of this section is to examine the sample subjects in 
terms of distribution. The analysis of the sample distribution is a 
generalized interpretation of the population, if the sample is 
representative. As such, this analysis focuses on both school and teacher 
variables, as well as their interactions. These variables were identified 
in Chapter I, and are listed, along with their references, as follows: 
School Variable also Referred to as; 
1. County County 
Pingtung County Pingtung or P 
Kaohsiung County Kaohsiung or K 
2. Type of school Type 
A-type school (large) A-type 
B-type school (medium) B-type 
C-type school (small) C-type 
3. Location of School Location or Locat. 
Urban Urban or U 
Country Country or C 
By the sea, on the island. Outlying or O 
or in the mountains 
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Teacher Variable 
1. Sex 
Female 
Male 
2. Age 
also Referred to as: 
Sex 
Female or F 
Male or M 
3. Educational background 
Graduate of teachers' college 
Graduate of other college 
(taking courses) 
Graduate of other college 
(not taking courses) 
4. Grade level taught 
Third and fourth grades 
Fifth and six grades 
5. Type of teacher 
Self-contained 
classroom teacher 
Science teacher 
6. Years of teaching experience 
Age (see Table 5 for grouping) 
Educ. 
Graduate of TC 
Graduate of Non-TC (Course) 
Graduate of Non-TC (No 
courses) 
Grade level 
Middle 
Higher 
Type of teacher 
Self-contained or Homeroom 
Science 
Teaching years or years of 
teaching (see Table 5 for 
grouping) 
School variables 
Table 4 indicates that the number of subjects drawn from different 
locations are significantly different. As shown in Table 3 (Chapter III), 
a large number of teachers (N=253, nearly 68% of the total subjects) were 
from schools located in country areas who participated in this study. The 
Chi-square values given in Table 4 confirm that location of school does 
contribute to the differences of sample distribution. 
Table 4. Relations between school variables 
School Variables Level N^ OF %% 
County by Type 2x3 371 2 0.329 
County by Location 2x3 371 2 14.232** 
Type by Location 3x3 371 4 79.130** 
^Effective sample size. 
**P<0.001 
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On the other hand, the Chi-sguare value for testing differences 
between county by type of school does not exist at a significant level. 
This figure provides evidence that the sampling procedure, the stratified 
method, was appropriate in securing an equivalent sample size as planned 
for this study (see Sampling in Chapter III). 
Teacher variable Prior to analyze the sample distribution by teacher 
variables, the subjects were re-grouped by their ages and years of teaching 
experience. The design for the grouping is shown in Table 5. 
Table 5. Grouping systems for age and years of teaching experience 
Age Group Years of teaching 
0 Less than 1 
Under 20 1 2-3 
21-30 2 4-6 
31-40 3 7-10 
41-50 4 11-15 
51-60 5 16-20 
Above 60 6 More than 21 
Table 6. Relations between sex and other teacher variables 
Teacher Variables Level N DP X2 
sex by (2) 
Educational background 2 x 3  361 2 3.100 
Grade level (all) 2 x 7  252 6 19.637* 
Middle and Higher grade 2 x 2  234 1 11.810** 
Type of teacher 2 x 2  327 1 12.468** 
Age (grouped) 2 x 6  367 5 58.999** 
Teaching years (grouped) 2 x 7  359 6 28.580** 
*P<0.05. 
**P<0.001. 
As shown in Table 6, sex appears to be a contributor to different 
distributions of the subjects on teacher variables, with an exception in 
educational background. Data show that more male teachers (N=94) are 
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assigned to teach higher grades than are female teachers (N-40). Likewise, 
male teachers (N=83) are more likely to be assigned to teach science than 
are female teachers (N=35). While most female teachers (N=112) ages range 
from 21 to 40, the ages of male teachers (N=162) range from 31 to 60. It 
appears also that male teachers have more years of teaching experience than 
do female teachers. However, both male and female teachers, who 
participated in this study, have similar educational backgrounds in terms 
of the numbers of teachers. 
Table 7. Relations between educational background and other teacher 
variables 
Teacher Variables Level N DF X2 
Educational backaround bv (3)» 
Grade level (all) 3 x 7  244 12 11.045 
Middle and Higher grade 2 x 2  226 1 6.037* 
Type of teacher 3 x 2  318 2 1.300 
Age (grouped) 3 x 6  358 10 12.596 
Teaching years (grouped) 3 x 7  350 12 58.910** 
*The level is 2 when the subjects were differentiated by graduates 
from TC and graduates from Non-TC. 
*P<0.025. 
**P<0.001. 
Although educational background is not a determinant for teachers 
being assigned to teach any subject, referred to as "type of teacher" 
(science or self-contained classroom teacher), or grade level, it seems to 
affect the teacher's assignment to teach middle or higher grades. The data 
from Table 7 show that teachers (N=94) who graduated from a teachers' 
college (TC) are more likely to be assigned to teach higher grades than do 
teachers (N=33) graduated from other colleges (Non-TC). Also, teachers who 
graduated from a TC tend to stay in their teaching positions longer than 
teachers who graduated from a Non-TC, regardless of courses taken. This is 
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confirmed by comparing the number of teachers, those who have more than 11 
years of teaching experience; 151 teachers are graduates of TC while only 
40 teachers are graduates of Non-TC. 
When examining the variable "grade level taught," analyses were made 
considering all grade levels as well as only middle and higher grade 
levels. As considering all grade levels, teachers at various ages and with 
diverse years of teaching experience appear evenly in every grade. When 
considering only middle and higher grade levels, it seems that higher grade 
teachers are older than middle grade teachers. The numbers of teachers, 
whose ages are over 30, are 90 and 60 of the teachers included in higher 
grade teachers and middle grade teachers categories, respectively. The 
Chi-square value (X?=4.1.4) for testing this difference is significant, as 
reported in Table 8. 
Table 8. Relations between grade level taught and other teacher 
variables 
Teacher Variables Level N DF X2 
Grade level fall) by (7) 
Type of teacher 7 x 2  240 6 27.436** 
Age (grouped) 7 x 6  251 30 25.865 
Teaching years (grouped) 7 x 7  246 36 43.848 
Middle and Hiaher arade 
New groups of age* 2 x 3  234 2 4.104** 
^Teachers were divided into three groups based on their ages: under 
30, 31-50, and above 50. 
**P<0.001. 
While the Chi-sguare value (xf=41.505) is significant, as indicated in 
Table 9, a closer examination of age was made. It was found, then, there 
are more than 55% self-contained classroom teachers who are between the 
ages 31 and 60, while less than 30% are science teachers at the same age 
range. Also, there are more self-contained classroom teachers (N=147) who 
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have less than 15 years of teaching experience than do science teachers 
(N=37). However, the situation is reversed when comparing those teachers 
who have more than 16 years of teaching experience. 
Table 9. Relations between type of teacher and other teacher 
variables 
Teacher Variables Level N DF X2 
Tvoe of teacher by (2) 
Age (grouped) 2 x 6  324 5 41.505** 
Teaching years (grouped) 2 x 7  319 6 55.572** 
**Prob.<0.001 
Table 10. Relations between type of school and teacher variables 
School by Teacher 
Variables Level N DF X2 
Tvoe of school by (3) 
Sex 3 x 2  370 2 10.432** 
Educational background 3 x 3  361 4 17.165** 
Age (grouped) 3 x 6  368 10 18.130 
Teaching years (grouped) 3 X 7. 360 12 31.006** 
**P<0.01. 
Distribution bv school and teacher variables 
Table 10 reports that the Chi-sguare values are at a significant level 
(p<0.01) for the differences due to type of school by teacher variables, 
such as sex, educational background, and years of teaching, with an 
exception of age. For instance, there are 90 male teachers from C-type 
schools who participated in this study while only 43 female teachers were 
selected. For both A- and B-type schools, more teachers graduated from a 
TC than a Non-TC, with 87 versus 25 for the former and 91 versus 27 for the 
latter. The Chi-square value (X?=15.12, with degrees of freedom=l) for the 
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above examination is very significant (p<0.001). And, both A- and B-type 
schools have more teachers (N=53 for both, incidentally), who have over 16 
years of teaching experience than do C-Type (N=39) schools. 
In addition. Table 11 shows significant Chi-square tests for 
differences in location of school due to sex, educational background, and 
age. It appears that more male teachers from schools located in either 
country or outlying areas participated in this study than did female 
teachers from schools located in the same areas. And, schools located in 
country areas have more teachers (N=173), who graduated from a TC than did 
schools located in other areas (N=81). As for age, nearly 55% (201 out of 
368) teachers, who are teaching in country schools, are at the ages ranging 
from 21 to 50. 
Table 11. Relations between location of school and teacher variables 
School by Teacher 
Variables Level N DF X2 
Location of school bv (3) 
Sex 3 x 2  370 2 9.702** 
Educational background 3 x 3  361 4 12.064* 
Age (grouped) 3 x 6  368 10 19.264* 
Teaching years (grouped) 3 x 7  360 12 15.830 
*P<0.05. 
**P<0.01. 
Discussion 
The data above suggest that the teachers, who were selected by their 
deans and participated in this study, have some identifiable 
characteristics. The majority of the subjects are from schools that are 
located in country areas. This is fairly reasonable for both Pingtung 
County and Kaohsiung County are essentially agriculture-oriented. Whereas, 
more male teachers participated in this study than did female teachers. 
Likewise, more participants are graduates from a teachers' college than 
from other colleges. This is also understandable, since the teacher 
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education system for elementary teachers nationwide has been underway for 
approximately thirty years. Consequently, well-trained and qualified 
elementary teachers from teachers' colleges have gradually replaced 
unqualified teachers. 
Regardless of the educational background, it seems that there are more 
male teachers who teach science and higher grades than female teachers. 
Also, science teachers involved in this study have more years of teaching 
experience, and are older than self-contained classroom teachers. Thus, it 
may be true that male teachers, according to those who participated in this 
study, not only dominate teaching science and higher grades, but also are 
older and have more years of teaching experience. 
Descriptive Statistics for Teachers' Perspectives 
This section discusses how the sampled teachers perceived the SC(s) as 
determined by their questionnaire responses. Mean scores with respect to 
the three aspects, i.e., importance, feasibility, and adoptability, were 
used to reflect teachers' perspectives in general. Mean plots along with 
the mean tables, display an overall view related to the independent 
variables of interest, i.e., school and teacher variables. Items scored 
high and low by the subjects are also reported. Ultimately, a brief 
discussion regarding the findings above are addressed. 
The grand means of the three aspects 
The three aspects as defined in this study are importance, 
feasibility, and adoptability. The grand means of each aspect are 
discussed in this section. 
The identified SC(s) were categorized into six parts, as discussed in 
Chapter III, and were formulated as items in the questionnaire. Thus, each 
item represents a particular strategy or component in essence. Numbers of 
items constituting each part are diverse: 
PART 1: 14 items included, item 01 through item 14. 
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PART 2: 5 items included, item 15 through item 19. 
PART 3: 6 items included, item 20 through item 25. 
PART 4: 12 items included, item 26 through item 37. 
PART 5: 7 items included, item 38 through item 44. 
PART 6: 9 items included, item 45 through item 53. 
Importance s.a 
5.5 
5,5 
Adoptability 5.4 
5.3 
Feasibility 
4 . 8  
1 2 3 4 6 5 
Part 
Figure 9. Mean plots for importance, feasibility, and adoptability 
by part 
Figure 9 plots the grand means on these six parts on the three 
aspects. These aspects were measured using a seven-point Likert scale in 
which 1 represents an extremely negative perspective, while 7 indicates an 
extremely positive perception. Results reveal that the teachers perceived 
the SC(s) to be important, adoptable, and feasible, since the grand means 
of the three aspects are superior as reflected by the scale of five points. 
This relationship was consistently found in the following analyses. 
Different means on the three aspects were found between the six parts 
(refer to Figure 9 & Table 12). Except for the mean importance score for 
part 5, the mean scores of the three aspects for parts 1, 5, and 6 are 
above their overall means, i.e., the mean scores of the total 53 items. On 
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the contrary, the means for parts 2 ,  3, and 4, are beyond their overall 
means. Nevertheless, none of the means is below four points. A four-point 
indicates a neutral perspective. In other words, these means scores 
reflect that the teachers perceived the identified SC(s) in a positive way, 
although they scored feasibility lower than both importance and 
adoptability. 
Table 12. Mean scores and the comparisons of the six parts on the 
three aspects 
Statistics 
Part 
Comparison of part means 
N Mean SD 2 3 4 5 6 
Imolortance 
361 5.950 0.664 1 * * •k * * 
365 5.538 0.920 2 - - * * 
362 5.508 0.898 3 * * * 
360 5.565 0.898 4 •k * 
368 5.656 0.834 5 * 
363 5.800 0.813 6 • 
331 5.712 0.721 Total* 
Peasibilitv 
358 5.133 0.686 1 * * * •k * 
361 4.819 0.994 2 * - * •k 
359 4.897 0.993 3 - * k 
352 4.862 0.946 4 * * 
365 5.320 0.897 5 * 
363 5.227 0.840 6 
317 5.053 0.704 Total ' 
AdoDtabilitv 
348 5.476 0.693 1 * * * * * 
361 5.010 0.964 2 - - * * 
358 5.040 0.996 3 - * * 
347 5.043 0.991 4 * * 
365 5.427 0.868 5 -
363 5.389 0.850 6 
300 5.260 0.734 Total 
^Statistics for all 53 items. 
*P<0.05. 
-Part means are not different. 
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Compariaona of part means for each aspect are given in Table 12. In 
these tables, a indicates that means are similar, while a 
represents two corresponding means are significantly different at a 0.05 
level. For instance, no differences of mean scores for importance between 
part 2 and parts 3 and 4. And, the mean feasibility of part 2 and that of 
part 3 are similar to part 4. As for adoptability, means of parts 2, 3, 
and 4 are identical. Likewise, no differences was found in mean scores 
between parts 5 and 6. A further analysis regarding the relationship 
between the three aspects are reported in the next section. 
Items that scored either as the highest five or as the lowest five 
were extracted based on their means (see Table 13). Derived from Table 13, 
Table 14 shows the top five items on the three aspects are included in 
parts 1, 5, and 6. This is congruous with the findings from their high 
means. However, the teachers did give low scores to some items, e.g., 
items 10, 11, and 14, in part 1 on importance and feasibility. 
Table 13. Items which scored high and low on the three aspects 
Five items scored high Five items scored low 
Item Part Mean Item Part Mean 
06 1 6.3827 17 2 4.4932 
01 1 6.3540 25 3 5.2622 
Importance 13 1 6.3008 31 4 5.2888 
04 1 6.1347 14 1 5.3126 
07 1 6.1216 32 4 5.3739 
13 1 5.9755 17 2 4.4258 
06 1 5.7466 25 3 4.5452 
Feasibility 39 5 5.7201 10 1 4.5461 
38 5 5.5326 14 1 4.5714 
48 6 5.5000 11 1 4.6005 
13 1 6.1875 17 2 4.3675 
06 1 5.9405 25 3 4.6191 
Adootabilitv 39 5 5.9241 31 4 4.7275 
03 1 5.7704 27 4 4.8528 
04 1 5.7262 22 3 4.8586 
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Table 14. Items and their parts scored high and low by the teachers 
High Low 
ITEM 01 03 04 06 07 13 38 39 48 10 11 14 17 22 25 27 31 
P A R T  1 1 1 1 1 1 5 5 6  1 1 1 2 3 3 4 4  
School variables 
The school variables were analyzed according to county, type and 
location of school. These analyses are discussed separately. 
Pingtung 
Importance 
Adoptability 
Feasibility 
County 
Kaohsiung 
Figure 10. Mean plots for importance, feasibility, and adoptability 
by county 
As shown in Table 15 and Figure 10, teachers from either Pingtung 
County or Kaohsiung County have almost identical perspectives toward the 
SC(s) on the three aspects. However, the mean scores from Pingtung County 
are higher than that those from Kaohsiung County, with an exception of 
feasibility. 
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Table 15. Mean scores for importance, feasibility, and adoptability, 
by county 
Importance Feasibility Adoptability 
County N Mean SO Mean SD N Mean SD 
Pinotuna County 
182 5.728 0.054 
Kaohsiuna County 
149 5.692 0.058 
172 5.039 0.058 162 5.273 0.063 
145 5.070 0.052 138 5.245 0.055 
Although the relationship between the means of the three aspects on 
type of school is similar to their overall means (refer to Figure 11 & 
Table 16), it reveals that teachers from diverse types of schools perceive 
the SC(s) differently as presented in Figure 11. The data show that 
teachers from C-type schools scored the SC(s) higher than did teachers from 
the other two types of schools on both feasibility and adoptability. In 
addition, teachers from B-type schools scored the SC(s) fairly low on 
feasibility. 
Adoptability 
(small) (large) 
B 
(medium) 
Type of School 
Figure 11. Mean plots for importance, feasibility, and adoptability 
by type of school 
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Table 16. Mean scores for importance, feasibility, and adoptability, 
by type of school 
Importance Feasibility Adoptability 
Type N Mean SO N Mean SD N Mean SD 
A (laraet 
106 5.741 0.073 101 5.063 0.072 97 5.252 0.070 
B (medium) 
108 5.696 0.069 103 4.990 0.071 97 5.253 0.078 
C (small) 
117 5.700 0.064 • 113 5.101 0.064 106 5.273 0.073 
The data from Table 17 and the mean plots shown in Figure 12 indicate 
that teachers from diverse areas also have different perspectives toward 
the SC(s). Teachers from outlying areas scored the SC(s) on importance 
fairly high, while teachers from urban areas have the lowest score on 
feasibility. The data also imply that teachers from outlying areas maybe 
perceive the SC(s) as more feasible than did teachers from other areas. 
However, the pattern of the relationship between the aspects remains the 
same. 
Outlying 
Importance 
Adoptability 
Feasibility 
Country Urban 
Location of School 
Figure 12. Mean plots for importance, feasibility, and adoptability 
by location of school 
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Table 17. Mean scores for importance, feasibility, and adoptability, 
by location of school 
Importance Feasibility Adoptability 
Location N Mean SD N Mean SD N Mean SD 
Urban 
45 5.759 0.093 44 4.963 0.104 42 5.286 0.118 
Country 
226 5.680 0.050 214 5.050 0.047 201 5.252 0.051 
Outlvina 
60 5.796 0.087 59 5.132 0.098 57 5.270 0.099 
Teacher variables 
The teacher variables, i.e., sex, age, educational background, grade 
level taught, type of teacher, and years of teaching experience were 
analyzed as follows. 
As shown in Figure 13 and Table 18, female teachers have more positive 
perspectives toward the SC(s) than do male teachers. Whereas, both female 
and male teachers have identical perspectives on feasibility. 
5.2 
Importance 
Adoptability 
Feasibility 
Female Male 
Sex 
Figure 13. Mean plots for importance, feasibility, and adoptability 
by sex 
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Table 18. Mean scores for importance, feasibility, and adoptability, 
by sex 
Importance Feasibility Adoptability 
Sex N Mean SO N Mean SO N Mean SO 
Female 
Male 
139 
191 
5.752 0. 
5.686 0. 
057 
055 
136 
180 
5.056 
5.054 o
 
o
 
052 
058 
129 
170 
5.307 
5.225 
0.061 
0.059 
Table 19 reports average age and years of teaching experience of the 
subjects. The teachers were re-grouped into six levels of age, as designed 
in Table 5, to report their group mean scores. 
Table 19. Means of age and years of teaching experience 
N Mean SD 
Age 361 36. 51 0.618 
Teaching years 360 14. 19 0.610 
As shown in Figure 14 and Table 20, the teachers perceive the SC(s) 
differently as their age ranges are varied. For instance, teachers at the 
age under 20 scored the three aspects much lower than did teachers at other 
age ranges. On the contrary, the highest mean scores for the three aspects 
were given by the oldest teachers, age above 61. The teachers at the age 
range from 21 to 40 gave second highest scores on the three aspects. A 
drastic decrease of mean scores appear among teachers at ages between 41 to 
50. However, the relationship pattern for the three aspects is fairly 
identical among the age groups, except for the oldest group. 
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Figure 14. Mean plots for importance, feasibility, and adoptability 
by group of age 
Table 20. Mean scores for importance, feasibility, and adoptability, 
by group of age 
Importance Feasibility Adoptability 
Age N Mean SD N Mean SD N Mean SD 
Under 20 
16 5.250 0.250 16 4.750 0.250 15 5.000 0.293 
21-30 
94 6.234 0.096 86 5.558 0.128 84 5.726 0.125 
31-40 
105 5.971 0.104 103 5.583 0.098 98 5.765 0.104 
41-50 
64 5.781 0.133 62 5.097 0.147 54 5.315 0.185 
51-60 
44 5.773 0.159 42 5.214 0.194 42 5.381 0.167 
Above 60 
5 6.800 0.200 5 6.000 0.548 5 6.000 0.335 
The mean plots displayed in Figure 15 show a difference between 
teachers graduating from various colleges. Those teachers who graduated 
from a TC have the lowest mean score on feasibility (see Table 21). On the 
other hand, there are differences for those teachers who graduated from 
75 
other colleges. Teachers, who have not taken courses in a TC, responded 
fairly positively on importance. Meanwhile, these teachers also have 
higher scores on all three aspects than do those teachers who have taken 
courses in a TC. 
5.9 
Importance 
5.6 
5 . 3  Adoptability 
5,2 
Feasibility 
Non-TC Non-TC TC 
(No courses) (Courses) 
Educational Background 
Figure 15. Mean plots for importance, feasibility, and adoptability 
by educational background 
Table 21. Mean scores for importance, feasibility, and adoptability, 
by educational background 
Importance Feasibility Adoptability 
Education N Mean SD N Mean SD N Mean SD 
Graduate of TC 
224 5.753 0.045 215 5.043 0.047 204 5.282 0. 049 
Graduate of Non-TC (Courses) 
80 5.603 0.093 75 5.066 0.087 69 5.191 0. 101 
Graduate of Non-TC fNo Courses) 
18 5.769 0.194 19 5.199 0.161 19 5.277 0. 184 
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Importance 
Adoptability 
Feasibility 
Sixth 
Figure 16. Mean plots for importance, feasibility, and adoptability 
by grade level taught 
Table 22. Mean scores for importance, feasibility, and adoptability, 
by grade level taught 
Importance Feasibility Adoptability 
Grade* N Mean SD N Mean SD N Mean SD 
Third 
44 5.503 0.115 43 4.959 0.105 43 5.117 0.117 
Fourth 
43 5.743 0.105 41 5.156 0.104 40 5.381 0.111 
Fifth 
50 5.603 0.110 49 4.937 0.115 46 5.172 0.096 
Sixth 
68 5.730 0.073 66 5.154 0.080 62 5.352 0.088 
*Only middle and higher grades. 
Figure 16 shows an interesting pattern of the mean scores on the three 
aspects by teachers from the middle and higher grades. It appears that the 
fourth grade teachers have the highest scores on all aspects, while the 
third grade teachers have the lowest. The sixth grade teachers have almost 
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identical responses toward the SC(s) with the fourth grade teachers (refer 
to Table 22). Additionally, the effective sample sizes for the four grade 
levels are fairly small, due to a failure of indicating the grade level 
taught by many teachers, as mentioned in Chapter III. 
Table 23. Mean scores for importance, feasibility, and adoptability, 
by type of teacher 
Importance Feasibility Adoptability 
Subject N Mean SD N Mean SO N Mean SD 
Self-contained classroom 
180 5.671 0.055 174 5.048 0.051 166 5.269 0.054 
Science 
114 5.837 0.063 108 5.134 0.070 101 5.326 0.077 
5,4 
5.1 
Adoptability 
Homeroom 
Type of Teacher 
Science 
Figure 17. Mean plots for importance, feasibility, and adoptability 
by type of teacher 
The data from Table 23 and Figure 17 depict that science teachers have 
more positive perspectives than self-contained classroom teachers. And, 
the science teachers have mean score on importance even much higher than 
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the overall mean of importance <5.712). The pattern of the relationship 
between the three aspects remains the same. 
Table 24. Mean scores for importance, feasibility, and adoptability, 
by years of teaching experience 
Importance Feasibility Adoptability 
Years N Mean SD N Mean SD N Mean SD 
Less than 1 
39 5.765 0.099 37 5.048 0.105 35 5.383 0.100 
2-3 48 5.893 0.099 43 5.127 0.101 43 5.251 0.103 
4-6 34 5.906 0.114 33 5.102 0.103 31 5.393 0.129 
7-10 22 5.437 0.185 23 4.951 0.161 23 5.014 0.170 
11-15 40 5.632 0.130 39 5.037 0.136 37 5.213 0.149 
16-20 46 5.652 0.096 44 5.037 0.106 40 5.257 0.105 
More then 20 
92 5.623 0.075 89 5.039 0.078 83 5.236 0.081 
Importance 
Adoptability 
Feasibility 
2-3 4-6 7-10 11-15 16-20 20t 
Year Group of Teaching Experience 
Figure 18. Mean plots for importance, feasibility, and adoptability 
by years of teaching experience 
The mean plots among teachers having diverse years of teaching 
experience are almost identical with one exception, group 1, teachers who 
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have 2-3 years of teaching experience. Teachers, with teaching experience 
between 7 to 10 years, have the lowest scores on the three aspects as 
compared with other groups (see Table 24). On the contrary, teachers with 
4 to 6 years of teaching experience scored highest on importance and 
adoptability, and second highest on feasibility. This drastic variation 
can be depicted easily in Figure 18. Perspectives among the teachers 
having more than 11 years of teaching experience are similar on the three 
aspects. In addition, the mean scores of importance and adoptability among 
the groups change more drastically than for feasibility. 
Discussion 
By plotting mean scores for the three aspects, differences between 
levels on each independent variable can be depicted easily. A similar 
pattern portraying relationship between mean scores on importance, 
feasibility, and adoptability is found among all variables. This pattern 
may be the best way to describe how teachers perceive the identified SC(s): 
the SC(s) are important and may be adoptable, but under some restraints 
they may be less feasible than desired. 
Additionally, variations among group mean scores on the three aspects 
formulate a fairly parallel pattern for each independent variable. 
Variations between mean scores among grade levels are found, which, in 
turn, portray an interesting pattern related to the three aspects. Also, 
mean scores vary significantly among groups by age and years of teaching 
experience. It appears that variations between groups of one independent 
variable, such as educational background or type of teacher, on one aspect 
are similar to other aspects with little differences. Whereas, only 
further examination of these differences can tell if true variations due to 
an individual independent variable exist. 
Ultimately, item means are plotted by part as shown in Figures 19 
through 24. The patterns describing the relationship of the three aspects 
are also found in these plots. 
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6 . 5  
6 . 4  
5 . 9  
5 . 6  
Importance 5 . 4  
Adoptability 
Feasibility 
Item 10 11 12 1 4  1 3  
Part 1 
Figure 19. Mean plots for importance, feasibility, and adoptability 
by item for part 1 
6 . 2  
Importance 
Adoptability 
5 . 4  
Feasibility 
4 . 4  
Item 1 5  16 1 7  
Part 2 
10 1 9  
Figure 20. Mean plots for importance, feasibility, and adoptability 
by item for part 2 
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Importance 
5 . 4  
Adoptability 
Feasibility 
Item 
Part 3 21 22 2 3  2 5  20 2 4  
Figure 21. Mean plots for importance, feasibility, and adoptability 
by item for part 3 
5 . g  
Importance 
5 . 4  
Adoptability 
Feasibility 
Item 26 2 7  20 2 9  3 0  3 3  3 1  
Part 4 
3 2  3 4  3 5  36 3 7  
Figure 22. Mean plots for importance, feasibility, and adoptability 
by item for part 4 
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Figure 23. Mean plots for importance, feasibility, and adoptability 
by item for part 5 
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Figure 24. Mean plots for importance, feasibility, and adoptability 
by item for part 6 
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Test of Hypotheses 
The twelve hypotheses listed in Chapter I are tested in this section, 
at a = 0.05. Among the tests, diverse statistical analysis techniques were 
employed, such as the Pearson's correlation coefficient, the independent t 
test, ANOVA, F test for planned comparison, Duncan's multiple comparison, 
and general linear regression. Statistical hypotheses are provided to 
specify the tests. A brief conclusion is made as a result of the test. 
Question 1 
Hypothesis A As perceived by the teachers, the feasibility of the 
SCfsl is positively associated with both importance and adoptability. 
The corresponding statistical hypothesis for this test is listed as 
follows: 
4): Pfi " PM = 0 
p„ > 0 and p„ > 0 
Where: is the population correlation coefficient on feasibility 
and importance, and 
Pmis the population correlation coefficient on feasibility 
and adoptability. 
Table 25. Pearson correlation coefficients between the three aspects 
Importance Adoptability 
Feasibility r® 0.6738 0.7676 
P'' 0.0001 0.0001 
N® 331 298 
Adoptability r 0.7600 
P 0.0001 
N 296 
^Pearson correlation coefficient. 
^Probability. 
''Number of observations. 
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According to the data from Table 25, the correlation coefficients 
between the three aspects are fairly high, all are significant far beyond 
the 0.01 level (p=0.0001). Therefore, the null hypothesis A is rejected. 
In other words, it is concluded that the feasibility of the SC(s) is 
positively associated with both importance and adoptability, as measured by 
the participating teachers. 
Hvpothesis B The items of the SC included in "PART 1: Topic 
Identification" are considered more important, feasible, and adoptable than 
items in other parts as perceived bv the selected teachers. 
Two steps were needed to test this hypothesis. First, the variability 
due to factors was tested. This design was essentially a randomized block 
factorial design (RBF) with subjects representing blocks, while parts, 
aspects, and all possible interactions were the factors. Second, if the 
variability is due to part then a comparison between the mean of part 1 
against the mean of all other parts was made. The following shows the two 
steps to determine Hypothesis B. 
1. Test of variance due to factors 
1^: "Icor. > 0 
Where: oLceor, represents the variance due to individual factor. 
The main factors are subject, part, and aspect. 
Factors for interactions are subject by part, subject by 
aspect, part by aspect, and subject by part by aspect. 
An ANOVA table was summarized in Table 26. The two F statistics for 
testing effects due to part (F=59.91) and aspect (F=236.74) were found to 
be highly significant (p=0.0001). Therefore, the above null hypotheses 
testing homogenous variance for the Hypothesis B were rejected. This step 
confirms there is considerable variability due to parts. It was concluded 
that the six part means are different from each other. Hence, the next 
step compares the mean of part 1 with that of other parts. 
85 
Table 26. ANOVA table for testing effects due to part, aspect, and 
their interactions 
Source of variance DF Sum of Square Mean Square F P 
Subject 370 2769.42 7.489 
91" Part 5 192.87 38.574 59. 0.0001 
Aspect 2 446.21 223.105 236. 74b 0.0 
Part by Aspect 10 29.05 2.905 27. 03® 0.0001 
Subject by Part 1810 1165.36 0.644* 
Subject by Aspect 740 697.37 0.942 
Subject by Part 
by Aspect 3541 380.56 0.107 
"Mean square of Subject by Part as an error term. 
^Hean square of Subject by Aspect as an error term. 
''Mean square of No by Part by Aspect as an error term, 
dgrror term for F test in planned comparison. 
2 .  
Where: 
Comparison of part means—Part 1 against the other parts 
^o! 1*1 = and 
is the overall mean of part 2 through part 6. 
The equation for F test is: 
F= r-
Where: For i=l to 6, 5% is the mean of part i regardless of the 
three aspects, is the comparison coefficient for part i, 
and Ni is the effective sample size of part i. 
The F statistics from Table 27 is significant at 0.001 level which 
provides sufficient evidence to reject the above null hypothesis for 
< 
Hypothesis B. Moreover, ^ turns out to be positive. Hence, it is 
confidently concluded that the teachers perceived the items included in 
part 1 as more important, adoptable, and feasible than the other parts. 
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Table 27. Comparison coefficients and F value for planned 
comparisons on Part 1 against the other parts 
Aspect CI" C2 C3 C4 C5 C6 MSB F 
Overall 1 -1/5 -1/5 -1/5 -1/5 -1/5 0.644 85.631** 
^Comparison coefficient for part 1, through part 6. 
**P<0.001. 
Hvpotheais C The items included in the two parts. "PART 3; Model 
or Instructional Aids Design" and "PART 4: Model or Instructional Aids 
Construction." are considered more important and adoptable. but less 
feasible than those items in other parts as perceived bv the selected 
teachers. 
This design is a randomized block design (RBD) where subjects are 
considered as blocks and parts are the treatments (Ott, 1988, p. 761). The 
statistical hypotheses are: 
1. Test of variability of factor part and interaction with 
subjects 
2 2 
HQI 0^ = 0 and > 0 
2 
Where: is the variance on one aspect, e.g., importance, due to 
part. 
And for the interaction: 
2 2 
f f g: a = 0 and if,: o >0 
p  ' • I P  
2 
Where: is the variance on one aspect, e.g., importance, due to 
interaction between part and subject. 
The above hypotheses were used to test the variabilities on 
importance, adoptability, and feasibility due to parts and their 
interactions with the subjects. 
The F statistics from Table 28 indicate that there is a significant 
variability due to part on each aspect. In other words, differences exist 
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among the six parts not just on one aspect but all three. Therefore, the 
above null hypotheses for testing homogeneity of variances for the 
Hypothesis C was rejected and further comparisons between part means were 
tested. 
Table 28. ANOVA table on the three aspects for testing effects due 
to part 
Source of variance DF Sum of Square Mean Square F 
Importance 
Subject 
Part 
Interaction 
370 
5 
1803 
1120.040 
54.391 
423.421 
3.027 
10.878 
0.235* 
46.32** 
Total 2178 1597.852 0.734 
Feasibilitv 
Subject 
Part 
Interaction 
370 
5 
1782 
1152.322 
80.534 
586.463 
3.114 
16.107 
0.329* 
48.94** 
Total 2157 1819.319 0.843 
AdoDtabilitv 
Subject 
Part 
Interaction 
370 
S 
1766 
1194.420 
86.991 
536.040 
3.228 
17.398 
0.304* 
57.32** 
Total 2141 1817.450 0.849 
*Error term for testing variability due to part and F test for planned 
comparison. 
**P<0.0001. 
2. Comparison of part means—Part 1 against other parts 
4): P3.4 = PA and 113,4 > 
Where: , is mean score for parts 3 and 4, and is that of parts 
1, 2, 5, and 6 on one aspect, such as importance. 
The further comparisons of means focus on parts 3 and 4 against the 
other parts, i.e., parts 1, 2, 5, and 6. By using the same F equation 
given earlier, the F values for the three aspects were calculated. Table 
29 shows the F values are significant. The null hypotheses conjecturing no 
differences between the parts of interest on an individual aspect were then 
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rejected. In other words, means of parts 3 and 4 are actually different 
from that of the other parts. 
Nevertheless, a negative sign of dxHI was found on each aspect. 
This finding signifies that the direction of the alternative hypotheses 
should be the other way around. In conclusion to these tests, the items 
included in parts 3 and 4 are considered less important, adoptable, and 
feasible than items included in other parts as perceived by the selected 
teachers. 
Table 29. Comparison coefficients and F values for planned 
comparisons on parts 3 and 4 against the other parts 
Aspect Cl= C2 C3 C4 C5 C6 MSB F 
Importance -1/4 -1/4 1/2 1/2 -1/4 -1/4 0.235 81.872** 
Feasibility -1/4 -1/4 1/2 1/2 -1/4 -1/4 0.330 87.302** 
Adoptability -1/4 -1/4 1/2 1/2 -1/4 -1/4 0.304 125.745** 
^Comparison coefficient for Part 1, Part 2, etc. 
**P<0.001. 
Question 2 
Hypotheses proposed for question 2 were mainly focused on examining 
the teachers' perspectives on feasibility. 
Hypothesis D Teachers who graduated from a teachers' college 
perceive the SCfst as more feasible than do those teachers who graduated 
from other colleges. 
The t-test for independent group means was used for this hypothesis. 
The corresponding statistical hypothesis is simple: 
•^ 0 • i^ po " Ppj and > Hw 
Where: is the population mean on feasibility for teachers who 
graduated from a TC, and is the population mean on 
feasibility for teachers who graduated from a Non-TC. 
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Table 30. Differences between means on feasibility by educational 
background 
Education N Mean SD Variances T DF 
Graduate of TC 94 5.093 0.740 Equal® 0.576 307 
Graduate of Non-TC 215 5.043 0.692 P=0.2827 
2 2 
"For Hf,: and 
2 2 
*, **1' while F = 1.14 with DF = 93, 214, 
P>0.4279. 
From the data provided in Table 30 , the variances of the two groups. 
teachers from a TC and those from other colleges, are homogeneous. A 
pooled error term was then used to calculate the t-statistics. The t=0.576 
did not produce necessary evidence to reject the null hypothesis. In other 
words, there is not sufficient evidence to support the hypothesis that 
teachers from a teachers college have more positive perspectives on 
feasibility toward the SC(s) than do teachers from other colleges. 
Table 31. Differences between means on feasibility by type of 
teacher 
Subject N Mean SD Variances T DF 
Self-contained 174 5.049 0.678 Equal® -1.004 280 
Science 108 5.134 0.732 P=0.3164 
2 2 2 2 
*For and F = 1.17 with DF = 107, 173, 
P>0.3670. 
Hypothesis E Science teachers perceive that the SCTA) are more 
feasible than do the self-contained classroom teachers. 
The similar test used for Hypothesis D was also implemented in testing 
this hypothesis. Whereas, represents the population mean for 
feasibility for science teachers. On the other hand, Py], is that for 
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feasibility for self-contained classroom teachers. 
Results reported on Table 31 failed to provide evidence to reject the 
null hypothesis B. The F-value shows a homogeneity of variances in both 
groups. The pooled mean square error for calculating the t-statistics was 
used. The t test ultimately ishowed no significance. Therefore, it was 
concluded that science teachers and self-contained classroom teachers may 
perceive the SC(s) to be equally feasible. 
Table 32. Differences between means on feasibility by sex 
Sex N Mean SD Variances T DF 
Female 136 5.056 0.607 Unequal^ 0.020 313 
Male 180 5.054 0.772 P=0.2921 
2 3 2 3 
®For HQ: and F = 1.25 with DF= 179, 135, 
P>0.0035. 
Hypothesis F Male teachers perceive the SCfsl as more feasible 
than do female teachers. 
The t-test used earlier was employed for this hypothesis. Although 
the variances on male and females teachers differ (refer to Table 32), an 
insignificant t-statistics provided no evidence to reject the null 
hypothesis F. Hence, it is concluded that male teachers do not perceive 
the SC(s) to be more feasible than do female teachers. 
Hypothesis G Both age and years of teaching experience positively 
affect the teacher's perception on the feasibility of the SCfsl. 
The Pearson product moment correlation coefficients, as presented in 
Table 33, show no linear relationship underlying the three aspects with age 
and #ears of teaching. 
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Table 33. Pearson correlation coefficients between the three aspects 
and two variables, age and years of teaching experience 
Importance Feasibility Adoptability 
Age r" -0.0492 0.0132 0.0120 
pb 0.3795 . 0.8177 0.7348 
N® 321 307 290 
Years of teaching r -0.1019 -0.0134 -0.0282 
P 0.0683 0.8153 0.6318 
N 321 308 292 
^Pearson correlation coefficient. 
^Probability. 
%umber of observations. 
Meanwhile, a linear regression model was employed to detect effects 
due to the main factors, i.e., age and years of teaching experience, as 
well as their interaction. 
FEÂSI = PO+ PI5CAGF? + PAXTEAYR + ^^XAGEXTEAVR 
Where: FEÂSI is the predicted value on feasibility, predictors are 
age, referred to as "AGE," years of teaching, referred to as 
"TEAYR," and their interaction, referred to as "AGE X TEAYR." 
Po, Pi, Pg, and P3 are regression coefficients. 
The hypothesis for testing the model is: 
#0: Pi "Pa* Pa =0 
Hyt At least one of the above is not true. 
Table 34 shows the F-value (0.90) is not significant while testing the 
regression model. Tests for effects included in the model are not 
significant either. Meanwhile, the regression coefficients are also not 
significant. It is concluded, then, neither age nor years of teaching are 
potential predictors for feasibility, nor is their interaction. In other 
words, age and years of teaching experience do not affect the teachers' 
perspectives on the feasibility of the SC(s) as hypothesized. 
92 
Table 34. GLM for testing effects due to age, years of teaching 
experience, and their interaction 
Source DF Sum of Squares Mean Square F P 
Model 3 3860 .48 1286.825 0. 90 0.4393 
Error 294 418293 .55 1422.767 
Total 297 422154 .03 R2 0.009145 
Type I Type III 
Source DF SS F P DF SS F P 
Age 1 69.59 0.05 0. 8251 1 533.27 0 .37 0.54 
Years of 
Teaching 1 245.56 0.17 0. 6781 1 3695.70 2 .60 0.108 
Interaction 1 3545.32 2.49 0. 1155 1 3545.32 2 .49 0.115 
Hypothesis H Teachers of higher grade students perceive the SCfs) 
as more feasible than do teachers of the lower grade students. 
The same t-test was employed to test differences between the means of 
the two groups, middle and higher grade teachers. Because of a homogeneity 
of variances of the two groups, as shown in Table 35, a pooled variance was 
used to calculate t-statistics. As the t-value is not significant, it was 
concluded that teachers of both middle and higher grades have identical 
perception toward the SC(s) in terms of feasibility. 
Table 35. Differences between means on feasibility by grade level 
taught--middle and higher grades 
Grade N Mean SD Variances T DF 
Middle 84 5.055 0.679 Equal® -0.067 197 
Higher 115 5.062 0.727 P-0.946 
.  2  3  2 3  
"For and F = 1.14 with DF = 114, 83, P>0.5200. 
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Hypothesis I Teachers perceive the SC< b )  as feasible differently 
when compared bv type and location of school. 
A regression model to test this hypothesis is listed as follows: 
FEÂSI =Po + Pixrypg + PaXLOCflT + Çl^xTYPExLOCAT 
Where: FEÂSI is the predicted value on feasibility, predictors are 
type of school, referred to as "TYPE," location of school, 
referred to as "LOCAT," and their interaction, referred to as 
"TYPE X LOCAT." 
00' fii' 02' and $3 are regression coefficients. 
The statistical hypothesis is identical with that of Hypothesis 6. 
$1 " $2 - P3 = 0 
At least one of the above is not true. 
The F-value (F=1.08) obtained from the test for the regression model 
is not significant. Also, effects due to type of school, location of 
school, and their interaction have no contributions to teachers' 
perspectives on feasibility (see data on Table 36). There was insufficient 
evidence to reject the null hypothesis I. Therefore, the teacher do 
perceive the SC(s) as feasible regardless of type and location of school. 
Table 36. GLM for testing effects due to type of school, location of 
school, and their interaction 
Source DF Sum of Squares Mean Square F P 
Model 8 4 .26 0.532 1.08 0.3800 
Error 308 152 .39 0.495 
Total 316 156 .65 = 0. 02717 
Type I Type III 
Source DF SS F P DF SS F P 
Type of school 2 0.680 0.69 0. 5038 2 1.809 1. 83 0.162 
Location of 
school 2 0.505 0.51 0. 6010 2 0.6624 0. 67 0.512 
Interaction 4 3.073 1.55 0. 1869 4 3.0727 1. 55 0.186 
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Hypothesis J There are interactions between educational 
background, type of teacher, location of school, and type of school in 
terms of the feasibility of the SC<b) as measured by the selected 
teachers. 
The general linear regression model (6LM) was used to test this 
hypothesis. The following equation shows the model that involyes the four 
independent variables, educational background, type of teacher, location of 
school, type of school and overall interaction: 
FEÂ3I =Pq + PiXEDCrC + PaXSOBJ- + ^^XLOCAT + ^^xTYPE + ^ s^EDUCxSUBJuLOCATxTYPE 
Where: FEÂSI is the predicted value on feasibility, predictors are 
educational background, referred to as "EDUC," type of 
teacher, referred to as "SUBJ", type of school, referred to as 
"TYPE", and location of school, referred as "LOPAT," and their 
interaction, referred to as "EDUC X SUBJ X TYPE X LOCAT." 
Po, Pi, Pj' p3, Pi,and P5 are regression coefficients. 
Hence, the statistical hypothesis can be drawn as follows: 
Pi = Pa = Pi = P« = Ps = 0 
At least one of the above is not true. 
Table 37. 6LM for testing effects due to educational background, 
type of teacher, type of school, location of school, and 
their interaction 
Source DF Sum of Squares Mean Square F P 
Model 40 17 .46 0 .436 0.87 0. 6884 
Error 234 116 .93 0 .500 
Total 274 134 .39 = 0.1299 
Type I Type III 
Source OF SS F P DF SS F P 
Educational background 
2 0.303 0.30 0. 7388 2 0.654 0.65 0 .521 
Type of teacher 
1 0.600 1.20 0. 2754 1 0.490 0.39 0 .534 
Type of school 
2 0.185 0.19 0. 8308 2 1.742 1.74 0 .177 
Location of school 
2 0.942 0.94 0. 3910 2 0.4895 0.49 0 .613 
Interaction 33 15.432 0.94 0. 5727 33 15.4327 0.94 0 .572 
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As shown in Table 37, the F test (F=0.87) for the effects involved in 
the model is not significant. Also, no main effects are significant, nor 
is their interaction. Thus, the null hypothesis J was not rejected. In 
other words, the four variables have no significant contributions to 
explain variances on feasibility as measured by the the results of data 
obtained from the participating teachers. 
Question 3 
The following two hypotheses focus on those items that were perceived 
to be feasible or adoptable by less than one-half of the teachers 
participating in this study. In other words, the intention here is to 
examine items not favored by the teachers as these items were scored fairly 
low. As such, to identify these items, item scores lower than four 
(included) were re-coded an 0, and 1 otherwise. The mean of each item was 
used to determine whether the item fits the requirement. Eventually, nine 
items were identified as they meet all the requirements. These nine items 
are: items 10 and 11 in part 1, items 15 and 17 in part 2, items 22 and 25 
in part 3, as well as items 29, 31, and 32 in part 4. No items in parts 5 
or 6 were included. The sums of these nine items on importance, 
feasibility, and adoptability, were then used as the measurement scores for 
testing the hypotheses. 
In addition, the two hypotheses proposed for question 3 were 
statistically determined using the split-plot design (SPD). This design 
nests one factor, such as subject, within another factor, e.g., educational 
background. Therefore, no interaction between subject and educational 
background is expected. Yet, the independent variables of interest are 
treated individually in similar designs. 
96 
Hypothesis K Variables such as educational background, tvca of 
teacher, and sex have a tendency to prevent a teacher from considering the 
SCfsl as feasible, although the teacher mav consider the SCfs) as important 
and possibly adoptable. 
The statistical hypotheses for this test for educational background 
can be stated as follows: 
1. Test of effect due to educational background 
HQ'. «j = 0 for all i 
Hi', * 0 for some i 
Where: is the effect due to educational background with i=0 to 2, 
e.g., 2 if graduate of TC, 1 if graduate of non-TC and taking 
courses, 0 otherwise. 
2. Test of effect due to the three aspects 
HQ: Pj = 0 for all j 
Hi', * 0 for some j 
Where: Pj is the effect due to aspect with j=l to 3, e.g., 1 for 
importance, 2 for feasibility, 3 for adoptability. 
3. Test of interaction due to the two factors 
HQ', = 0 for all i,j 
(aP)ij * 0 for some i,j 
Where: fij is the interaction between the two factors. 
Results, as shown in Table 38, indicate that only the effect due to 
aspect is significant. Educational background and its interaction with 
aspect do not contribute to the variability of teachers' perspectives. 
Rather, the teachers do consider these items to be more important, 
adoptable, but less feasible, i.e., according to the order of the means. 
Likewise, the statistical hypotheses used above were applied to test 
the effects due to sex and type of teacher individually. Similarly, these 
two factors make no contributions to the variance of teachers' perspectives 
on these items, either. Yet, the variances are explained to a large extent 
by the three aspects. 
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Table 38. ANOVA table for testing effects due to educational 
background, type of teacher, sex, aspect, and their 
interactions toward the less favorable items 
Source of Variance DP SS MSE P P 
Bduc.* 2 5.28 2.640 1.32 0.2696 
Aspect 2 103.17 51.585 178.14** 0.0001 
No(Educ.) 347 695.92 2.006 
Educ. by Aspect 4 2.40 0.600 2.07 0.0834 
No(Educ.) by Aspect 678 196.33 0.290 
Total 1033 1003.08 0.971 
Typeb 1 2.33 2. 330 1.22 0.2701 
Aspect 2 95.33 47. 665 165.32** 0.0001 
No(Type) 314 599.05 1. 908 
Type by Aspect 2 0.57 0. 285 0.99 0.3714 
No(Type) by Aspect 617 177.89 0. 288 
Total 936 875.18 0. 935 
Sex 1 2.15 2 .150 1.08 0.2999 
Aspect 2 106.74 53 .370 183.06** 0.0001 
No(Sex) 356 709.98 1 .994 
Sex by Aspect 2 0.63 0 .315 1.09 0.3379 
No(Sex) by Aspect 696 202.92 0 .292 
Total 1057 1022.42 0 .967 
"Educational background. 
''Type of teacher. 
**p<0.001. 
Hypothesis L TVPB and location of school also tend to affect the 
teacher's perception on the feasibility of the SCfsl. However, teachers do 
perceive the SC(b) as important and possibly adoptable. 
The tests reported on Table 39 focused on testing the effects due to 
two independent variables, type of school and location of school, using the 
same statistical hypotheses for Hypothesis A. Findings indicate that a 
significant difference relies on the type of school and, of course, the 
three aspects. Duncan's multiple range test reports the mean score from A-
type school is the highest, C-type is the second, and B-type is the lowest. 
However, the sequence of means on the three aspects remains the same. 
In conclusion, although these nine items were considered less feasible 
and adoptable by half of the teachers, they were perceived to be important. 
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Among the variables of interest, only one variable, i.e., type of school, 
affects teachers' perspectives about these nine items. In other words, the 
type of school significantly influenced teachers to consider these items as 
feasible and adoptable. 
Table 39. ANOVA table for testing effects due to type of school, 
location of school, aspect, and their interactions toward 
the less favorable items 
Source of Variance DP SS MSB P P 
School* 2 15.02 7.510 3.83* 0.0226 
Aspect 2 106.89 53.445 184.33** 0.0001 
No(School) 356 697.39 1.959 
School by Aspect 4 1.86 0.465 1.61 0.1711 
No(school) by Aspect 696 201.80 0.290 
Total 1060 1022.95 0.965 
Locat.b 2 6.96 3.480 1.76 0.1744 
Aspect 2 106.89 53.445 183.93** 0.0001 
No(Locat.) 356 705.45 1.982 
Locat. by Aspect 4 1.39 0.348 1.20 0.3114 
No(Locat.) by Aspect 696 202.27 0.291 
Total 1060 1022.95 0.965 
*Type of school. 
^Location of school. 
*p<0.05. 
**p<0.01. 
Discussion 
The three aspects reveal an interesting pattern which maybe best 
describe the nature of the relationship between them. Importance, 
adoptability, and feasibility of the SC(s) are found highly correlated with 
each other, whereas, the means are fairly different. The pattern shows the 
teachers tend to think that the SC(s) are fairly important, somehow 
adoptable, but may be less feasible. However, the overall perspectives are 
positive, since the means are all above five on a seven-point scale. 
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A closer examination on part means, depicts diverse perception of the 
teachers. Part 1 was considered to be more important, adoptable, and 
feasible than the other parts, even though two items received very low 
scores. Moreover, parts 3 and 4 consisting of the most tactics related to 
procedure and construction are less important, adoptable, and feasible than 
the others. The means of part 4 on the three aspects are around five, 
which imply that the teachers have more neutral to positive perspectives 
about the items included in it. 
However, examinations of effects due to independent variables show 
that none of these variables contribute to the variability related to the 
feasibility of the SC(s). Whereas, the mean plots show that teachers' 
perspectives do vary on importance or adoptability but not on feasibility 
for each independent variable. Feasibility was perceived to be 
consistently more of a problem for the teachers. Results from tests of 
hypotheses for questions 2 have confirmed this view. Nevertheless, this 
result leads to the examination of other factors more related to 
personality, competency, and school facilities, since feasibility 
constantly has the lowest mean score. 
A cross analysis for interaction between the three aspects and the 
independent variables indicate that none of the variables of interest, with 
one exception, i.e., type of school, affects teachers' perspectives. This 
analysis focuses on items that were scored low on either feasibility or 
adoptability. It was hoped that the latent difficulty influencing the 
teachers would be determined. Significant differences were found between 
A-type, B-type, and C-type schools. It is known that an A-type school, by 
its very nature, is large, fairly well supported by the community, or well-
facilitated. Therefore, it may be true that teachers from an A-type 
school would have more resources, a larger budget, and more assistance to 
employ the SC(s). 
Table 40 summarizes results from the tests of hypotheses in relation 
to the proposed questions. All null Hypotheses for question 2 are retained 
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due to Insufficient evidences. Hypotheses for question 1 were rejected 
though modification of the alternatives hypotheses were needed. On the 
other hand, one hypothesis for question 3 was partially rejected while 
another one is retained. Further discussions with respect to the three 
questions are addressed in Chapter V. 
Table 40. Summary of tests for hypotheses 
Question 1 g 3 
Hypothesis A B CDEF6H1J.KL 
Result R» N®NNNNNNN NP** 
*Null hypothesis was rejected. 
^Null hypothesis was rejected, however, the alternative hypothesis 
needed to be modified. 
^Null hypothesis was not rejected. 
^Null hypothesis was partially rejected. 
Other Findings 
Answers and responses from the items are the most interesting and 
exciting to the researcher. These answers and responses reveal sound 
concerns from the participants regarding the SC(s). The following results 
not only report statistical figures regarding certain questions, but also 
lists teachers' opinions as well. A brief discussion related to these 
findings is also addressed. 
Item 6; The relationship between the topic and the student's previous 
experiences. The teachers responded that the related experiences are: 
1. fundamental knowledge, skills, and life experience, 
2. family background, 
3. capability of categorization, 
4. units learned, 
5. individual differences. 
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6. time for learning, 
7. utilizing tools and equipment, 
8. relationship with other subjects, 
9. extent of cognitive development, 
10. linkage with previous experiences, 
11. ability to understand teachers' language verbally, 
12. ability to learn, 
13. the content of the topic from easy to difficult and concrete to 
abstract. 
Item 25; Make a worksheet which includes a detailed drawing of the 
product, bill of materials, list of tools and equipment, list of 
substitutes. modified procedure, and categories of self-constructed and 
manufactured bv outside sources. In addition, what necessary or helpful 
items would vou include in vour worksheet? 
The following items were pointed out by the teachers: 
1. reference materials such as films or video tapes, 
2. amount of instruments, 
3. cost and duration, 
4. flexibility of replacement, 
5. key points and easy-made mistakes in the process, 
6. possible society resource and school support, 
7. possible provision of materials from enterprises in the community, 
8. limitation of materials available, 
9. classroom or workshop needed for the project, 
10. list of previous and related experience, 
11. stimuli to initiate learning. 
Additionally, one teacher pointed out that he/she will not use the 
worksheet because of a heavy teaching load and a lack of time. 
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Item 27: To record the procedure during the construction. In this 
step, which of the following would vou employ? (multiple choice) 
Table 41. Methods for recording constructional procedure—Item 27 
Method N® Percent 
Video tape recording 45 13.4 
Tape recording 45 13.4 
Note taking 282 83.9 
Combination of the above methods 2 0.6 
*Total effective observations are 336. 
In response to this question, most teachers chose "Note taking" as the 
method they would employ in recording the procedure (see Table 41). 
Although video and tape recording methods are very general in use and have 
better effects for reviewing, there were less than 15% of the teachers who 
considered using them. 
Item 30; Inspect and teat each part of the model/aids built to ensure 
its functions. Which of the following aspects would vou consider the most? 
(multiple choice) 
Table 42. Considerations for inspecting model functions—Item 30 
Consideration N® Percent 
Student learning experience 189 51. 2 
Practicability of the object 214 58. 0 
Related to daily life 210 56. 9 
Interesting to student 172 46. 6 
Scientific and technological concepts 56 15. 2 
Safety 214 58. 0 
Integration of subjects 73 19. 8 
Economic effectiveness and efficiency 68 18. 4 
^otal effective observations are 369. 
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As shown in Table 4 2 ,  both "practicability of the object" and "safety" 
were considerations that most teachers chose. "Related to daily life" was 
the second while "interesting to student" placed the third. The least 
concern by the teachers, however, was "scientific and technological 
concepts." 
Suggestions with respect to the implementation of model or 
instructional aids and other usages (part 5^ are; 
1. preserve extinct specimen, 
2. helpful to better understand instructional objects by going 
through the process of making teaching aids, 
3. providing solid experience in operation and enhancing learning, 
4. display in an exhibition room as a part of activities in the 
annual celebration of school, 
5. useful materials for adult education in the community, 
6. provision of opportunities for creative thinking and activities, 
7. enhancing students' capability in linking related experiences from 
other subjects, 
8. provision of practice of skills in manipulating equipment, 
9. useful for remedial instruction, 
10. useful stimuli for the low achievement student. 
Opinions about evaluation of the model or instructional aids (part 6^ 
The following are suggested elements from the teachers for evaluation: 
1. being economical, practical, and strong enough, 
2. teacher's experience and time, 
3. cost, 
4. applicability due to different cultural and educational systems, 
5. budget, 
6. safety, 
7. ease of maintenance. 
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8. attraction to children, 
9. fitness of individual differences, 
10. support of school, including administrator's concerns in teaching; 
Item 54: If possible, consider time and other situations which of the 
following subject areas are vou MOST LIKELY WILLING to employ these 
"Strategies and Components." the SCfal. to design a project-oriented 
activity for that subject? 
Table 43. Subjects to employ the SC(s)—Item 54 
Subject Biology Physics Chemistry Earth Science No use 
N* 184 119 21 123 43 
Percent 51.4 33.2 5.9 34.4 12.0 
^otal effective observations are 358. 
Although this question was asked as a single choice, many teachers 
seemed to prefer more than two subjects areas to implement the SC(s). 
Hence, all responses were taken into account. Surprisingly, the teachers 
responded they are most likely to employ the SC(s) in the subject of 
biology (see Table 43). Yet, more than 10% of the teachers answered they 
would not even consider using them. 
Item 55; Other than the six parts included in the SC(B), what 
additional elements would vou include? 
The teachers suggested the following elements: 
1. cultural differences, 
2. maintenance of instruction aids, 
3. goodness of fit to concurrent trend in education, 
4. workshops and advanced courses for professional development. 
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Item 56; How do vou allocate your time while vou employ the SCfst? 
In other words, what percentage out of 100 are you likely to devote to each 
part of the SCfsl? 
The average percent of time devoted to each part was: 29% for part 1, 
14.6% for part.2, 14.9% for part 3, 15.2% for part 4, 13.6% for part 5, and 
12.5% for part 6. Notice that the percents of time allocation by the 
teachers are fairly equivalent among the six parts except for part 1, which 
is almost twice that of the other parts. 
Item 57: How would you rank, usina numbers from 1 to 6. these six 
parts in terms of importance? 
Table 44 reveals the data for ranking the six parts in terms of 
importance. In order to determine the order of the six parts by rank, each 
rank was weighted by the corresponding grade numbers. In other words, the 
mean products of the weight with frequency were used to interpret the 
importance of the parts. Consequently, part 1 was ranked the most 
important by the teachers and it is consistent with the previous findings. 
Part 4, on the other hand, was considered as the least important. 
Table 44. Ranks on importance of the six parts—Item 57 
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 
PART N % N % N % N % N % N % SCORE^ RANK 
1 79 22.7 28 8.0 13 3.7 23 6.6 31 8.9 174 50.0 244.17 1 
2 30 8.6 65 18.7 65 18.7 65 18.7 95 27.3 28 8.0 209.67 2 
3 33 9.5 62 17.8 87 25.0 94 27.0 52 14.9 20 5.7 195.67 3 
4 51 14.7 70 20.1 83 23.9 69 19.8 46 13.2 29 8.3 186.67 6 
5 92 26.4 50 14.4 50 14.4 41 11.8 71 20.4 44 12.6 187.50 5 
6 63 18.8 73 21.0 50 14.4 56 16.1 53 15.2 53 15.2 194.33 4 
^Mean product of grade with N. 
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Discussion 
Student's experience has been emphasized upon teachers' responses 
through all open-ended c[uestions. The experiences were specified in the 
cognitive domain and in the daily life by most teachers. In addition, 
experiences in manipulating equipment, relation to other subjects, and 
sequencing learning were also addressed. It seems that the teachers 
focused attention more on academic achievement of students as they 
considered what student's experience was and what he should have. Rarely 
did the teachers mention student's attitude toward learning, while this 
might be included in their instructional objectives. After all, life and 
learning experiences seem to be the key components when considering success 
in learning by most teachers. 
Other than relating life experience to learning, integration of 
subjects was proposed in open-ended responses by the teachers. It appears 
the focus of teachers on this issue was how students link their experiences 
and knowledge from diverse subject areas together, and how the teachers can 
help their students to accomplish this goal. 
On the other hand, teachers' experiences, budget, and time available 
were also pointed out as key components to teaching preparation. Having 
more advanced programs available for teaching improvement was suggested by 
the teachers. Also, budget limitation and management were addressed as 
indicators of support from administrators and community. It was surprising 
that parental support and involvement were not mentioned at all. 
The biggest surprise was that most teachers preferred to employ the 
SC(s) into biology instead of physics. This may be explained by the large 
amount of content of biology included in elementary science (Wu, 1989). 
And, many instructional aids are provided for physics as compared with 
those for earth science, biology, or chemistry. 
Ultimately, results from ranking and allocating time for the six parts 
are fairly consistent with findings from the previous sections. Part 1 
ranked as the most important and teachers will devote more time to this 
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part than the other parts. Part 4 was considered the least important, 
however, the teachers considered allocating more time to this part than to 
the others, except, of course, part 1. Yet, time seems to be evenly 
allocated to each part regardless of its rank. 
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CHAPTER V. SUMMARY, CONCLUSION, AND RECOMMENDATIONS 
The purpose of this chapter is to summarize this study, i.e., its 
purpose, methodology, and findings, draw conclusions, as well as make 
recommendations. The summary of this study illustrates the background, 
purpose, and methodology for this study. On the other hand, the summary of 
the findings, briefly reports the major results of this study. Moreover, 
it also presents the modified Strategies and Components (SC) as well as two 
inferences as a conclusion for this study. Ultimately, recommendations for 
future research are suggested. 
Summary of the Study 
Based on a teacher educator's point of view, this study was originated 
from the idea: 
A provision of fishing techniques and fishing rod, 
i.e., teaching strategies, technique, etc., should 
better serve elementary teachers, enrolling in the 
teacher education program for updating their 
competencies in teaching, rather than solely giving 
them fish, i.e., well-developed course units, 
projects, or activities. 
Based on the educational system in Taiwan, teaching atmospheres are 
varied, especially in elementary science education. The literature reveals 
problems associated with the National Elementary Science Curriculum in 
Taiwan. These problems were found to be highly associated with these 
elements: content, use of instructional aids, teachers demands, and 
students readiness. Furthermore, elementary teachers confront barriers as 
they deal with day-to-day teaching situations, e.g., designing and 
modifying lesson plans, utilizing instructional aids, developing hands-on 
project-oriented activities, etc. As such, demands from the teachers 
related to the courses developed at teachers' colleges have created a 
challenge for educators in these colleges. It is this challenge that 
encourages the educators to develop updated course materials regarding 
improvement of instruction for the elementary teachers. 
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While there is a lack of interest in including technology concepts 
into today's science education, especially at the elemenatry level, an 
effort of integrating instructional techniques from industrial arts and 
science courses becomes a plausible approach toward that challenge. 
Whereas, will the teachers accept this approach as a feasible instructional 
technique? Will the teachers encounter problems while employing it? Will 
they fail to try, due to no desire? In other words, the teachers' 
perspectives about the proposed framework will determine its success as new 
course materials are considered at a teachers' college. This study was 
initiated to investigate the teachers' perspectives toward the framework, 
comprises of the strategies and components related to develop project-
oriented activities for science classes. 
Purpose of the study 
The purpose of this study was to gain new insights into the teachers' 
perspectives toward the identified strategies and components SC(s). By 
doing do, this would lead to validate the proposed SC(s) as plausible 
course materials at teachers colleges in Taiwan. 
The teachers' perspectives were investigated in terms of three 
aspects: importance, feasibility, and adoptability of the SC(s). Analyses 
of the perspectives were focused then on both school and teacher variables. 
Specifically, the identified independent variables for analysis were 
location of school, type of school, sex, age, educational background, grade 
level taught, type of teacher (science or self-contained classroom 
teacher), and years of teaching experience. 
In addition, the SC(s) were categorized into six parts which comprised 
a total of 53 items, as stated in the questionnaire. 
Methodology 
To accomplish the two goals, two methods were adopted for this study. 
For identifying the SC(s), two checklists were formulated to serve as a 
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base for analyzing strategies and components involved in both industrial 
arts projects and science activities. On the other hand, the survey 
method, using a self-administered questionnaire, was used to collect data 
regarding the teachers' perspectives. As a result of the first step, a 
framework of the identified SC(s) provided the base for the development of 
the questionnaire. 
Delimitations, i.e., time, budget, and target teachers were major 
factors that restricted the extent of the population for this study. 
Hence, the population was identified as those teachers who currently work 
in the schools located in the supervisory district of Pingtung Teachers 
College, Taiwan. Furthermore, the target teachers were restricted to those 
who were either science teachers or self-contained classroom teachers, and 
had experience in teaching third, fourth, fifth, or sixth grade. 
Eventually, a sample of 668 teachers were drawn from a total population of 
5,130 teachers, using a stratified sampling method based on two 
determinants: county and type of school. 
As a result of mailing the questionnaires, a total of 412 teachers 
responded. The sample size was reduced to 371 due to missing data. From 
these 371 usable questionnaires, 118 science and 209 self-contained 
classroom teachers participated in this study. The numbers of teachers 
teaching the third, fourth, fifth, and sixth grade were 48, 52, 60, and 74, 
respectively. Moat teachers were between 30 and 50 years of age, had four 
to fifteen years of experience, and graduated from a teachers' college. 
Data collected from the questionnaire were analyzed using: 
1. frequencies and Chi-squares to report demographic characteristics 
and distribution differences. 
2. independent t-tests to study significant differences between two 
group means, i.e., male and female, graduates from teachers' colleges and 
other colleges, science and self-contained classroom teachers, and the 
feasibility of the SC(s). 
3. general linear regression to study effects due to age, years of 
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teaching experience, and their Interaction. 
4. Pearson product moment correlation coefficients to study the 
relationship between the three aspects. 
5. analysis of variance for diverse designs, e.g., Randomized Block 
Design (RBD), Randomized Block Factorial Design (RBF), and Spllt-piot 
Factorial Design (SPF) to study variability due to aspects and Independent 
variables. Duncan's multiple tests for group comparisons. 
6. F tests for planned comparisons to study differences between group 
means on the three aspects of the SC(s). 
Findings of the Study 
The findings of this study are summarized In this section. The 
Intention of this section Is to draw an overall picture related to the 
teachers' perspectives toward the Identified SC(s). Also, possible 
resolutions of the three questions probed by this study are given as a 
result of the tests of hypotheses. The subsidiary findings, such as oplons 
on documenting procedure, are summarized for revising the SC(s). 
Ultimately, two Inferences and the modified SC(s) are proposed as 
conclusions of this study. 
General perspectives on the three aspects 
The pattern shown on mean plots portrays a positive relationship 
between the three aspects. I.e., Importance, feasibility, and adoptability. 
This pattern reveals that the teachers perceived the SC(s) to be fairly 
Important, adoptable, and somewhat feasible. The regression model suggests 
that the feasibility of the SC(s) depends on adoptability more than 
Importance. In other words, as teachers differentiate the three aspects, 
the SC(s) would be more feasible when they are viewed to be adoptable, 
whereas the SC(s) Is Ideally Important. Additionally, this pattern Is 
consistent with all Independent variables of Interest In this study. 
However, the means, when calculated by the six parts and Items, of the 
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three aspects varied. Generally, topic identification, i.e., part 1, is 
superior to other parts on importance and adoptability. Student Factor, 
the part 2, is slightly below the other parts on both feasibility and 
adoptability. Consequently, parts related to topic identification, model 
or instructional aids implementation and evaluation were considered more 
important, feasible and adoptable, than the others. 
The relationship of the three aspects appears similar, even though the 
means are varied within each part. Plots of the item means reveal the 
pattern visually (refer to Figure 18-23 in Chapter IV). However, some 
items were scored beyond five points on a seven-point scale and above four 
points on at least one of the aspects. Apparently, the teachers have more 
neutral to positive perspectives toward these items than others. The range 
of item mean scores in part 1, i.e., topic identification, was wider than 
the others, indicating an existence of scattered perspectives on these 
items by the teachers. 
Resolutions for the research questions 
Tests of hypotheses were intended to provide answers for the research 
questions as given in Chapter I. The following section provides a 
discussion for the research questions, the findings and analysis of the 
data, and other comments. 
Question 1; Are the SCfsl perceived as useful, as measured in terms 
of importance, feasibilitv. and adoptability, in developing proiect-
oriented activities for science teaching at the elementary level? 
As a result of testing the hypotheses for this question, it was 
concluded that the SC(s) are considered useful for the teachers as measured 
in terms of importance, feasibility, and adoptability. The positive 
correlations between the three aspects found a rational basis for this 
conclusion. Furthermore, these correlations also indicate an acceptance by 
the teachers toward the SC(s) for having means above five points on a 
seven-point scale. 
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In addition, items related to part 1 appear to be important, feasible, 
and adoptable to most teachers, although they may not be as feasible as 
those items in parts 5 and 6. Items, in parts 3 and 4, are less important, 
feasible, and adoptable than those items underlying other parts. Rejection 
of hypotheses B and C for this question statistically has confirmed this 
information. 
Question 2: What variables, related to school and teacher, influence 
the perception of elementary teachers toward feasibility of the SC? 
After testing of the hypotheses for this question, it was found that 
none of the variables as listed affected teachers' perspectives regarding 
feasibility in terms of the means. The variables inspected were 
educational background, types of teachers, sex, age, years of teaching 
experience, grade levels taught, location of school, and type of school. 
Consequently, these tests and examinations also clarify the conjecture in 
which the variability on feasibility might be due to these variables. 
Question 3; What are the latent difficulties for the teachers to 
employ the SCfsl in developing proiect-oriented science activities as thev 
perceive the SCI a) which are important but perhaps not feasible or not 
adoptable? 
Among the items that were less feasible or adoptable, one variable, 
i.e., type of school, evidently influences the perspectives from the 
teachers' point of view. Based on the mean scores of the S3 items, nine 
less feasible or adoptable items were identified. By examining effects on 
variables, e.g., educational background, type of teacher, sex, location of 
school, type of school, and overall interaction, type of school was found 
to be significant in terms of influencing teachers' perspectives. 
Subsidiary findings 
Findings from selected items revealed interesting suggestions by the 
teachers. Note taking was preferred to the document procedure of the 
construction model or aids by most teachers instead of video or tape 
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recordings, while both video and tape recording were thought to be more 
convenient for reviewing procedure of construction. Safety and 
practicability of the object are two major concerns for teachers during 
examination of constructed model or aids. Scientific and technological 
concepts involved in the objects was the last consideration. Teachers also 
indicated that time, teaching load, and support from the school decide how 
they may consider the SC(s). These suggestions may be the real reasons 
that make involvement of scientific and technological concepts in science 
teaching less feasible at the elementary level. Removal of these barriers 
need to be implemented for the teachers rather than a provision of ideal 
instruction theories. 
In addition, student's previous experience, e.g., fundamental 
knowledge, skills, and life experience, as well as capability to learn, 
link relevances, and to use equipment are the focus of the teachers, as 
they noted in the open-ended questions. These findings provide valuable 
information for modifying the SC(s) as they can be built into course 
materials in the future. 
Inferences 
Two inferences can be drawn from the sample to the population of 
teachers, i.e., those teachers who work in schools located in the 
supervisory district of Pingtung Teachers' College, based on the data 
collected. Because a positive response was found, it is safe to infer that 
the population will be willing to implement the modified SC(s) when they 
consider a project-oriented activity for science class. Further inference 
is to predict an acceptance of the SC(s) to enhance course materials for 
improving teaching techniques at teachers' college by the teachers. 
However, school type needs to be considered as an influence when 
implementing the SC(s) into the real teaching arena. 
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The modified strategies and components 
Based on the analyses of the data, the strategies and components were 
modified, whereas no items were removed from the framework as given in 
Chapter III, since positive support was obtained from the subjects. The 
following presents the modified SC(s). 
A. Topic identification 
1. Teacher's attitude: 
a. willingness to invite students to participate in the 
processes of designing, selecting a project, or 
constructing models, 
b. establishment of a database which includes projects 
collected, notes of observations, experiences of people, 
problems of students, and unusual phenomena. 
2. General considerations: 
a. course schedule and the amount of time needed to carry out 
the activity, 
b. number of students will be involved in the activity and 
the space available, 
c. the relationship between the topic and other subjects, 
d. the relationship between the topic and the student's 
previous experiences, especially the experiences related 
to units learned earlier, skills in manipulating equipment 
and tools, daily life, 
e. the objectives of the activity, 
f. alternative teaching methods that can be employed in the 
activity, 
g. student interests of varied ages. 
3. Knowledge and skills involved: 
a. analyze and list all knowledge and skills that will be 
involved in the activity, 
b. construct a flow chart in which the new experiences. 
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course concepts, and student's previous experiences are 
well organized and illustrated, 
4. Location of topic: 
a. database, 
b. published information, 
c. projects developed by others, 
d. daily examples, 
e. interest phenomena. 
5. Exchange of experience 
a. discussion with colleagues, family, friends, or students, 
b. attendance at conferences, 
c. provision of responses or feedback for a particular topic 
to others, 
d. participation in workshops or advanced programs. 
B. Students factors 
1. Individual differences 
a. refer to personal profiles, 
b. daily observation, 
c. gender, 
d. family background, i.e., socioeconomic status, 
2. In relation to student's experiences 
a. previous experiences possessed, 
b. new experiences, 
c. relationship between the two. 
3. Special needs 
a. behavioral disorders, 
b. mentally retarded, 
c. physical handicapped, 
d. learning disability. 
4. Grouping methods 
a. number of students, 
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b. size of space, 
c. the quantity and quality of available equipment, 
d. limitations of material and equipment. 
C. Model or instruction aids design 
After deciding the topic of the activity, proceed with the following 
steps. 
1. Behavioral objectives 
a. refer to course objectives. 
2. Substitutes 
a. commercial products used in daily life, 
b. other objects needing appropriate modifications or 
adjustments. 
3. Worksheets 
a. draw an initial sketch of the model or instructional aids 
which includes illustrations of functions and a drawing of 
the products and objects located which includes 
modification or adjustments to be made; 
b. thoroughly inspect and check functions illustrated on the 
sketch to insure desired approaches; 
c. thoroughly list steps for constructing the model/aids; 
d. make a work sheet which includes detailed drawings of the 
product, bill of materials, list of tools and equipment, 
list of substitutes, modified procedure, and categories of 
self-constructed and manufacture by outside sources; 
e. estimate cost based on budget limitations; 
f. list possible usages. 
D. Model or instructional aids construction 
(refer to Figure 5 in Chapter III) 
1. Build the model or instructional aids 
a. refer to the worksheet, 
b. record the procedure by using one of these methods: video 
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tape recording, tape recording, or note taking; 
d. record all mistakes, corrections, and individual 
perspectives during the construction. 
Secure help, if necessary 
a. from the community, 
b. from students, parents, or colleagues, 
c. from enterprises, 
d. follow-up and provide assistance if any, 
e. file community resources available. 
Inspect and test the functions, especially with the following 
factors: 
a. student learning experience, 
b. practicability of the product, 
c. relation to daily life, 
d. interesting to student, 
e. scientific and technological concepts, 
f. safety considerations, 
g. integration of subjects, and 
h. economic effectiveness and efficiency. 
Modify and refine 
a. the work sheet by referring to all records, 
b. examine all records made during the construction, 
c. make a similar product by using the substitutes and 
examine all functions if time is available, 
d. carry out a task analysis, 
e. list a feasible procedure along with task sheets, 
f. examine whether to include all knowledge and skills. 
Lesson plan 
a. rehearse it, 
b. make necessary modifications. 
c. add to database, including reference, e.g., films, video 
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tape, etc. 
F. Model/Aids implementation and other usages 
Other than the desired and planned ways of implementations, the 
home-made model or instructional aids can also be used as the following: 
1. Demonstrational aids 
a. teacher can better illustrate instructional objectives, 
course content, and further improve teaching techniques, 
b. students gain concrete and long-lasting experiences, 
c. a concrete object to practice skills 
2. Stimuli 
a. foster student's interest to learn, 
b. probe student's creative thinking, 
c. relation to other subjects. 
3. Reference of student project 
a. concrete object, 
b. preserve extinct specimen, 
4. Subject of exhibition 
a. classroom decoration to establish a helpful teaching 
atmosphere, 
b. project for workshop, 
c. project for science fairs or other similar activities, 
d. object for exhibition room. 
5. Research project or related topic for improving teaching 
6. Source of course materials 
a. assistance of solving problems in teaching other subjects, 
b. assistance of other teachers with their teachings, 
c. course material for remedial instruction, 
d. course material for adult education in the community. 
7. Others 
a. toy, 
b. appliance for daily life usage. 
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c. substitutes for student homework. 
G. Evaluation 
The following considerations are needed when evaluating the 
constructed model or instructional aids. 
1. Cultural differences 
a. suitability, 
b. adaptability. 
2. Course objectives 
a. accomplishment of student behavior objectives, 
b. functions and relations with the objectives. 
3. Construction of the model or instructional aids 
a. difficulties to secure desired materials or substitutes, 
b. amount of time to complete, 
c. difficulties in construction for teacher and student, 
e. amount and kinds of equipment and tools needed, 
f. working space needed for construction, 
g. cost, budget, and support available, 
h. safety considerations. 
4. Student participation 
a. quantity, 
b. quality, 
c. suitability for student participation, 
d. suitability of individual differences. 
5. Usefulness in teaching 
a. difficulty in demonstration, 
b. difficulties in storage, movement, and maintenance, 
c. integration with other subjects, 
d. timing and feasibility for implementation, 
e. effectiveness as a stimulus. 
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Recommendations for Future Research 
This study was an exploratory effort to develop an understanding of 
teachers' perspectives toward the effective use of strategies and 
components in teaching science. It provides a valuable function in 
identifying several areas for future study. 
1. Experimental research is needed to test the effectiveness of the 
modified SC(s), if it is sought as a means to enhance course materials in 
teaching science at teachers' colleges in the future. To improve teaching 
quality and enhance competencies of the elementary teachers for the nation, 
efforts must be made in exploring new teaching strategies by both educators 
in teachers' colleges and elementary teachers. An experimental study using 
the modified SC(s) would be an initial effort to examine the effectiveness 
of pilot program prior to being prevalently implemented. Results of this 
study provide valuable information related to the SC(s) for implementation. 
2. Replication of the study with a different population, i.e., 
teachers from supervisory districts of other teachers' colleges in Taiwan, 
is needed to document the applicability of the modified SC(s). Different 
perspectives may be found with different characteristics of population, 
e.g., teachers who work in a highly industrialized area. 
3. Likewise, a similar study should be made to integrate teaching 
strategies and components related to other selected subjects. The 
information provided by this study would aid elementary teachers to improve 
their teaching atmospheres. 
4. Although both school and teacher variables appear to have no 
influence in this study, a further study should be conducted to explore 
factors that are more related to personality, competencies in teaching, 
school facilities, administrative support, etc. 
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and Children. 27f2t. 28-30. 
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and Children. 26(7). 24-25. 
P003 Heinz, B. J. (1989, January). Touch me. Science and Children. 
26141, 11-11. 
P009 Denny,C. F., & Denny, G. W. (1990, May). Spoonful of science. 
Science and Children. 27(8). 16-17. 
poll Barrow, L. H. (1990, April). Ceramic magnets pass the bar. 
Science and Children. 27(7). 15-16. 
P012 Dreyer, K. J., & Bryte, Jamelle. (1990, April). Slides, swings, 
and science. Science and Children. 27(7). 36-37. 
P013 Kydd, G. (1990, April). Wrap up with a writeup. Science and 
Children. 27(7). 28-29. 
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P015 Flick, L., & Dejmal, K. (1989, September). Sixth-grade 
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P016 Clemens, J. A. (1989, May). Wheeler dealers. Science and 
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P018 Totten, S., S Tinnin, C. (1988). Incorporating writing into the 
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5(4). 25-29. 
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Science and Children. 27(4). 42-43. 
P025 Dyche, S E., & Stefanich, G. (1989, April). The real story. 
Science and Children. 26(7). 19-20. 
P026 Kataoka, J., S Patton, J. R. (1989, September). Teaching 
exceptional learners: An integrated approach. Science and 
Children. 26(12). 48-50. 
P027 Hansen, P. (1980, February). Make a quiz board. Science and 
Children. 17(5). 36-37. 
P028 Hoehn, R. 6. (1988, February). Self-initiated science projects. 
Science Activities. 25(5). 38-41. 
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P029 Geler, T., & Wailes, J. R. (1979, September). Solar energy: 
Classroom reality. Science and Children. 16(121. 19-20. 
P030 Kanis, I. B. (1988, February). The portable planetarium: An 
introduction to astronomy. Science Activities. 25f4l. 32-34. 
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Table A-1. Strategies involved in science activities (1) 
PROGRAM STRATEGIES 
1. Identifvina tooic 2. Preoarina instruction 
NO. lA IB 10 ID IE IF IG IH 2A 2B 20 2D 2E 2F 2G 2H 21 2J 
D020 IP :E 20 2E '2F 2H 
D025 lA IB IE IF IG 2A 2B 20 2D 21 
D032 lA IB 10 ID IF 21 
F004 IB IP 2A 20 2F 2G 21 
P003 IE 2A 2B 2E ?! 
P009 lA IB IE IF 2A 2B 20 2F 
POU IB 2B 2D 21 
P012 lA IB IE IF IG 2A 2B 2E 21 
P013 lA ID IF 2B 2D 2E 21 
P014 lA IB IE IF IG 2A 2B 2D 2F 2H 
POIS lA ic ID IE IF 2B 20 2D 2H 
P016 lA IB ID IE IF 2B 2D 2G 21 
P018 IF 2A 20 2D 2F 21 
PD19 lA IB ID IF 2A 2B 2G 21 
P025 lA IE IG IH 2B 21 
P026 IG IH 
P027 lA IF 20 2D 2G 21 
P028 lA IF 2B 20 2D 2E 
P029 10 IE IF 20 2D 2G 
P030 lA IE 1 IG 20 2H 
P031 lA IB 
P032 IG IH 
P033 lA 10 IF 20 2D 2H 
P034 lA 20 2D 2E 2H 21 
P035 IB 10 20 2H 2J 
P036 IB 20 21 
P037 10 20 2D 21 
P038 IB IE IF 20 2H 2J 
P039 lA IB IE IF 20 2H 21 
P040 lA 10 ID IF 2B 20 2D 2H 21 
TOTAL 18 14 7 7 13 19 7 3 8 13 18 14 6 5 5 10 17 2 
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Table A-2. Strategies involved in science activities (2) 
PROGRAM STRATEGIES 
3. Carrina out activities . 4. Evaluatino performance 
NO 3A 3B 30 3D 3B 3F 3G 3H 31 4A 4B 40 4D 4E 4F 
D020 3B 3D 3E 3F 3H 31 4B 40 4D 
D02S 30 3D 3E 3F 3H 31 4B 40 4D 
D032 3B 30 3(1 40 
F004 3A 39 3^ 3F 3H 31 40 4E 
F003 3A 3E 3H 4A 
P009 3B 3D 3E 3F 3H 31 4B 4C 4D 
9011 3D 3E 3F 3H 4F 
P012 30 3E 3F 3H 31 4A 40 4E 
P013 4F 
P014 3B 30 3D 3F 31 4A 4B 
P015 3A 3B 30 3D 3E 3F 36 31 4A 40 4E 
P016 3B 30 3D 3E 3F 36 3H 31 4A 4E 
P018 3D 3E 36 31 40 4E 4F 
P019 3E 3H 4F 
P025 3A 30 3F 36 3H 31 4A 
P026 3B 3F 
P027 3A 30 3E 4A 
P028 3D 3E 3F 4E 
P029 3B 3D 4E 
P030 3F 3H 4A 
P031 3F 
P032 33 3F 
P033 3E 3F 36 3H 31 40 
P034 3B 3E 3F 3H 31 4D 
P035 3F 
P036 3B 3D 3E 3H 31 4B 40 4D 
P037 3B 3D 3E 3F 3H 4B 40 
P038 3F 3H 40 
P039 3E 36 3H 31 4B 4C 
P040 3B 3F 36 3H 31 4E 
TOT 5 14 8 12 19 21 7 18 15 8 7 13 5 8 4 
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Information for Review of Research Involving Human Subjects 
Iowa state University 
(Please type and use the attached instructions for completing this form) 
An Analysis of Elementary Teachers' Perspectives Toward the Strategies 
TitlenfProject Components for. Developing Project Oriented Activi t-ip? in ?n'»^nrp 
Classes to Create Children's Technological Awareness iri Taiwan 
I agree to provide the proper surveillance of this project to insure that the rights and welfare of the human subjects are 
protected. I will report any adverse réactions to the committee. Additions to or changes in research procedures after the 
project has been approved will be submitted to thecommittee for review. I agree to request renewal of approval for any project 
continuing more than one year. ^ ^ / 
Wu, Shufen E. 
Typed Name of Principal Investigator ^*te Signature of Pt^cipal Investigator 
Industrial Education & Technology 227.N. Sheldon, Ames, IA50010 232-4189 
Depaitment Campus Addresi Campus Telephone 
Signatures of other investigators Date Relationship to Principal Investigator 
William D. Wo Ian s hÙ'/nudi Major Professor 
7 
AUG 18 1990 
Principal Invc."iiigator(s) (chcck all that apply) ^ 
• Faculty • Staff ^ Graduate Student • Undergraduate Student 'SU 
Project (chcck all that zipply) 
Q Research Thesis or disscrtiiuon • Class project • Independent Study (490,590, Honors projcct) 
Number of subjects (complete all that apply) 
688 ft Adults, non-students If ISU student # minors under 14 other (explain) 
ff minors 14 - 17 
Brief description of proposed research involving human subjects: (See instructions, Kern 7. Use an additional page if 
needed.) 
Please see the sheets attached. 
(Please do not send research, thesis, or dissertation proposals.) 
Informed Consent: Signed informed consent will be obtained. (Attach a copy of your fonn.) 
SI Modified imbrmed consent will be obtained. (See instructions, item S.) 
d Not applicr-l'lo to this projcct. 
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9. Confidentiality of Data: Describe below the methods to be used to ensure the confidentiality of data obtained. (See 
instructions, item 9.) 
1. Ihe code number on the questionnaires will be used for purpose of follow up 
only on unreturned questionnaires. 
2. All data will be kept confidential and stored for further analysis. 
3. All data will be reported in the form of group,results. 
10. What risks or discomfort will be part of the study? Will subjects in the research be placed at risk or incur discomfort? 
Describe any risks to the subjects and precautions that will be taken to minimize them. (The concept of risk goes beyond 
physical risic and includes risks to subjects' dignity and self-respect as well as psychological or emotional risk. See 
instructions, item 10.) 
No risk 
11. CHECK ALL of the following that apply to your research: 
• A. Medical clearance necessary before subjects can participate 
• B. Samples (Blocd, tissue, etc.) from subjects 
• C. Adminisu-ation of substances (foods, drugs, etc.) to subjects 
• D. Physical exercise or conditioning for subjects 
• E. Deception of subjects 
• F. Subjects under 14 years of age and/or Q Subjects 14 -17 years of age 
• G. Subjects in institutions (nursing homes, prisons, etc.) 
• H. Research must be approved by anotlier institution or agency (Attach letters of approval) 
If you checked any of the items in 11, please complete the following in the space below (include any attachments); 
Items A • D Describe the procedures and note the safety precautions being taken. 
Item E Describe how subjects v/ill be deceived; justify the deception; indicate the debriefing procedure, including 
the timing and information to be presented to subjects. 
Item F For subjects under the age of 14, indicate how informed consent from parents or legally auiiiorized repre­
sentatives as well as from subjects will be obtained. 
Items G & H Specify the agency or institution that must approve the project. If subjects in any outside agency or 
institution arc involved, approval must be obtained prior to beginning the research, and the letter of approval 
should be filed. 
Last Name of  Principal  Investigator Wii 
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Checklist for Attachments and Time Schedule 
The following are attached (please check): 
12.0 Letter or written statement to subjects indicating clearly: 
a) purpose of the research 
b) the use of any identifier codes (names, #'s), how they will bo used, and when they will be 
removed (see Item 17) 
c) an estimate of time needed for participation in the research and the place 
d) if applicable, location of the research activity 
e) how you will ensure confidentiality 
f) in a longitudinal study, note when and how you will contact subjects later 
g) participation is voluntary; nonpaiticipation will not affect evaluations of the subject 
13.• Consent form (if applicable) 
14. • Letter of approval for research from cooperating organizations or institutions (if applicable) 
15. S] Data-gathering instruments 
16. Anticipated dates for contact with subjects; 
First Contact Last Contact 
17. If applicable: anticipated date that identifiers will be removed from completed survey instruments and/or audio or visual 
tapes will be erase± 
Sep. 01, 1990 Oct. 10, 1990 
Month / Day / Year Month / Day / Yoar 
DGC. 31, 1990 
Month / Day / Year 
18. Signature of Departmental E.xecutive Officer Date Department or Administrative Unit 
19. Decision of the University Human Subjects Review Committee: 
Project Approved Project Not Approved No Action Required 
Patricia M. Keith 
Name of Committee Chah-person Date Signature of Committee Cluirperson 
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Statement of the Problem 
The purpose of the study is to investigate the perspectives of the 
elementary teachers toward the Strategy components involved in 
instructional preparation as a major part of developing project-based 
activities in science classes to create childrens' technological awareness 
in Taiwan. Specifically, the study intends to achieve the following 
objectives: 
(1) To identify the strategy components involved in industrial arts 
activities that are feasible for developing project-oriented 
activities for elementary science classes. 
(2) To obtain and analyze the perspectives of elementary teachers, in 
Taiwan, with respect to the identified strategies and components 
in terms of the degree of agreement. 
(3) To identify the latent difficulties, such as ideas, tools, 
materials, and related instructional design, in developing 
project-based activities for science classes. 
(4) To revise*the identified strategies and components resulting from 
objectives (1), (2), and (3) respectively to create a feasible 
teacher's guide for the elementary teachers in Taiwan. 
Population and Szunple 
The subjects involved in this study are considered those elementary 
teachers who are: 
(1) either science teachers or self-contained classroom teachers; 
(2) are experienced in teaching third, fourth, fifth, or sixth 
graders; 
(3) teachers in the schools that are located in the supervisory 
district of Pingtung Teachers College (PTC) in Taiwan. 
A stratified sampling technique will be used to randomly select 
schools in terms of size and grade level. Then, the subjects will be 
randomly selected from the selected schools. 
Instrument 
The self-administered questionnaire method for collecting data will be 
employed in the study. The questionnaires will be mailed to all deans of 
studies in the sample schools. The deans in these selected schools will be 
asked to distribute the questionnaires to randomly selected teachers in the 
schools. An initial letter to the dean, along with a support letter from 
the department head of elementary education at PTC, and a cover letter are 
enclosed to introduce the investigator and explain the nature of the study. 
Furthermore, a stamped, self-addressed envelope will also be enclosed for 
the purpose of returning the completed questionnaires. 
Preliminary Procedures of the Study 
1. Identify a research problem. 
2. Review the related literature in relation to instructional design, 
elementary science teaching, industrial arts teaching, relationships 
between science, technology, and society, and the elementary science 
curriculum and its implementation in Taiwan. 
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3. Submit a proposal to the graduate committee members. 
4. Develop and modify an instrument for the study. 
5. Submit proposal and the instrument to Human Subjects Review Committee 
for approval. 
6. Conduct a pilot study in Taiwan. 
7. Discuss the pilot study with the committee members and revise the 
instrument based on their recommendations and the results of the pilot 
study. 
8. Obtain the mailing address of the sampled schools. 
9. Mail the questionnaires. 
10. Follow up by phone. Copies of questionnaires along with a follow up 
letter will be sent to the dean if requested. 
11. Collect and examine data from the questionnaires. Code and analyze 
the data. 
12. Write a final report, summary, conclusion, and make recommendations 
based on the findings. 
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Letter, to the Dean of Studies from Dr. Kau 
TAIWAN PROVINCIAL PIN6TUN6 TEACHERS COLLEGE 
KO 1 LIN SEEN ROAD 
PINOXUNO, TAIWAN 90007 
REPUBLIC OF CHINA 
September 27, 1990 
Dear Sir: 
I sincerely ask your assistance to Miss Wu by distributing 
questionnaires to your colleagues. She is one of the excellent instructors 
in the Department of Elementary Education at Pingtung Teachers college, 
taiwan. The questionnaire is an instrument to complete her study in 
instructional preparation for science teaching. She needs your assistance 
to obtain the firsthand data for further analysis. Hopefully, the result 
of her study will provide valuable information for improving our 
instructions in teacher education. 
In her cover letter, the instruction for the distribution of 
questionnaires is narrated. Please give the questionnaires to the 
appropriate teachers in your school as described in the cover letter. Your 
encouragement and follow-up to the teachers responding the questionnaires 
is greatly appreciated. Please feel free to contact me if there are any 
questions regarding the study. 
Again, your assistance is held in high estimation. Any 
recommendations are welcomed as well. 
Sincerely yours. 
Ching-Ven James Kau 
Chairperson, Department of 
Elementary Education 
Pingtung Teachers College 
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Initial Letter to the Dean of Studies 
September 20,  1990 
Dear Sir, 
I am a doctoral student in the Department of Industrial Education and 
Technology at Iowa State University, Ames, Iowa. I was also a instructor 
at Pingtung Teachers College before I came here for advanced study. I am 
currently conducting a study related to "Strategy Component" of 
instructional design procedure for developing project oriented activities 
for elementary science classes. The purpose of the study is to investigate 
elementary teachers' perspectives in relation to the identified strategy 
component and their agreement regarding the most effective strategy 
choices. 
It is important to understand what teachers really need at work in 
terms of improving instruction if we, as teacher.educators, are seeking 
means to help them. That is why responses from you and your colleagues 
become critical to the study. 
I am asking for your assistance in distributing to and collecting the 
questionnaires from your teachers because it is very difficult for me to 
send the questionnaires to the teachers directly. As a dean of study, you 
have knowledge about your teachers in terms of their tasks assignments and 
grade levels they're currently teaching. Teachers whom I have considered 
as subjects in the study are those who are either science teachers or 
self-contained classroom teachers, and are teaching from third to sixth 
grade. Please select randomly three teachers from each of the above 
grades(3-6). Also, please collect the questionnaires after completion. An 
envelop with postage has been enclosed for returning all questionnaires. 
Your assistance is greatly appreciated. 
Sincerely yours 
Shufen Wu 
Doctoral student 
Industrial Education 
and Technoloty 
Dr. William D. Wolansky 
Professor of industrial 
Education and Technoloty 
Coordinator of 
International Education program. 
College of Education 
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Cover Letter to the Subject 
Dear Elementary taacher. 
I am a doctor 
Technology at lows, 
requirements, I am 
understanding of 
component for deve 
September 20,  1990 
al student in the Department of Industrial Education and 
State Ùniversity, Ames, Iowa. As a part of the degree 
conducting a study which is designed to obtain a 
Elementary teacher perspectives toward the strategy 
loping project oriented activities for science classes. 
Your assistance is very important to this study and your participation 
is vital to its success. However, your participation is entirely voluntary 
and completion of the questionnaire will constitute your consent to 
participate. The responses you make are maintained STRICTLY CONFIDENTIAL. 
Responses will not be used to identify or evaluate any individual and will 
be analyzed in group data form. The code number on the questionnaire will 
be used to follow up only on unreturned questionnaires. After the original 
data have been collected, and before data analysis, the list of 
participants will be destroyed to preserve the anonymity of respondents. 
This questionnaire will take you about fifteen minutes to complete. 
For your convenience, please complete and return the questionnaire to your 
dean, who was asked to distribute the questionnaires in your school. We 
appreciate your cooperation and professional contribution. 
Sincerely yours 
Shufen Wu 
Doctoral student 
Industrial Education 
and Technoloty 
Dr. William D. Wolansky 
Professor of Industrial 
Education and Technoloty 
Coordinator of 
International Education program. 
College of Education 
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PERSPECTIVE TOWARD STRATEGIES AND COMPONENTS QUESTIONNAIRE 
«< PERSONAL DATA »> 
Direction: Please mark an X in the '( )' before an appropriate answer for 
each of the following questions or write down your response 
above the line. 
1. Birthday: 2. Sex:( ) Female ( ) Male 
3. Educational Background: 
( ) Graduate of Normal University/Teachers College 
( ) Non-Graduate of Normal University/Teachers College 
( ) Non-Graduate of Normal University/Teachers College, but having 
taken classes in these schools. 
Note* Please skip item 4 and 5 if you're teaching more than two grade 
levels or three subjects and write down grade levels and 
subjects that you're currently teaching under the category 
"Others". Otherwise, please respond item 4 and item 5. 
4. You are currently teaching 
( ) 3rd grade ( ) 4th grade ( ) 5th grade ( ) 6th grade. 
5. You are a: ( ) Science and Teacher. 
( ) Self-contained Classroom Teacher. 
Others: 
6. Up to now, you have served as an elementary teacher for years. 
7. The school for which you're working is located at 
( ) urban, 
( ) country 
( ) outlying, i.e., àt/by the mountains, coast, or island; 
( ) elsewhere. 
Please write down your mailing address on the label attached, 
if you are requesting a copy of the report of the study. 
(mailing label) 
«< THE STRATEGY COMPONENTS »> 
Direction: Before making any responses, please assume the following 
situation. 
suppose, you are considering to develop an activity in which students 
have opportunities to do hands-on mind-on exercises and you, on the other 
hand, can utilize a model or instructional aids to explain some complicated 
science concepts. The following are the strategy components, hereafter 
referred as SC, involved in these type of instructional preparations. What 
do you think about them as the aspects in terms of Importance, feasibility, 
and your willingness of adoption, i.e., adoptability. 
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(I) Importance < The degree of importance to which you perceive the 
strategy or component involved. 
(P) Feasibility t In your teaching experience and within your current 
teaching environment, the degree of feasibility to 
which you perceive the strategy or component 
involved. 
(A) Adoptability t Under your circumstances, the possibility that 
you're willing to adopt the strategy or component 
involved. 
Please circle one number under each category based on your perception 
toward each item. For example, you consider one item is extremely 
important and you are willing to adopt under your situation. However, 
there is a few limitations that you probable cannot implement it 
thoroughly. Therefore, you would consider the item is slightly infeasible. 
As such, you would pick up 7 for importance, 3 for feasibility, and 5 for 
adoptability, as shown bellow. 
extremely 
not 
important 
extremely 
not 
feasibility 
extremely 
not 
adoptability 
Importance 
Feasibility 
Adoptability 
H M M 7  
extremely 
important 
extremely 
feasibility 
extremely 
adoptability 
Furthermore, please also write down your response or suggestions if 
requested. Thanks for your cooperation and assistance. 
PART It TOPIC IDENTIFICATION 
1. Build a data base which includes plans of projects collected,records of 
observations, experience from people, students' problems, or unusual 
phenomena. 
Importance Feasibility Adoptability 
1 ^ ? t f ? I M M ? ? 7 i" ? 9 f ? î 7 
2. Invite student to participate in your designing, selecting project, or 
constructing models. 
Importance Feasibility Adoptability 
^ ^ ^ ^ ^ ^ 7 i f ^ 7 i ? 9 f ? 9 7 
3. To consider when and how long the activity will be taken. 
Importance Feasibility Adoptability 
H M M 7  H  M  M  7  
4. Number of students will be involved in the activity and the space 
available. 
Importance Feasibility Adoptability 
f ? ? t ? t 7 M ? f ? f 7 f ? ? f ? 9 7 
5. The relationship between the topic and other subjects. 
Importance Feasibility Adoptability 
i ? ? t ? f I ? ? f ? 9 7 i ? ? f ? f 7 
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6. The relationship between the topic and student's previous experiences. 
Importance Feasibility Adoptability 
f ?f 7 T H ? f f f ? 
The experiences you would consider are: 
7. The objectives of the activity. 
Importance Feasibility Adoptability 
i n n w  
8. Teaching methods that will be employed in the activity. 
Importance Feasibility Adoptability 
M ? f ? f 7 } I M ? f 7 i ? ? t ? t Ï 
9.student interests of varied ages. 
Importance Feasibility Adoptability 
10. Thoroughly analyze and list all knowledge and skills that will be 
involved in the activity. 
Importance Feasibility Adoptability 
M ? f ? 9 I f ^ 7 } ? ? f ^ 7 
11. Construct a flow chart in which the new experiences, course concepts, 
and student previous experiences are well organized and illustrated. 
Importance Feasibility Adoptability 
} ? ? f ? f 7 M ? f f f 7 ^ ^ ^ t 7 
12. Refer to the data base you build, published materials, and developed 
projects to select the topic. 
Importance Feasibility Adoptability 
^ t ? t 7 M ? f ? f 7 } ? ? f ? ^ 7 
13. Daily examples or interest phenomena as the topic. 
Importance Feasibility Adoptability 
^ f ^ 7 } ? ? f ? f 7 } ? ? f ? 9 7 
14. Discuss the topic with your colleagues, family, friends, or students. 
Importance Feasibility Adoptability 
7  H ? ? ? ? 7  M M  ? ? 7  
15. Thoroughly list differentiations between students by referring to their 
personal files. 
Importance Feasibility Adoptability 
H M M 7  H M M 7  M ? M ? 7  
16. Thoroughly list all related experiences students possessed by referring 
to your course objectives and the new experiences that you'd like to 
include in the activity. 
Importance Feasibility Adoptability 
H M M 7  
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17. Gender. 
Importance Feasibility Adoptability 
H M f t ?  H M M 7  
18. Students with special needs and behavior disorder. 
Importance Feasibility Adoptability 
7  7  H M ? ? 7  
19. Select grouping methods by referring to the number of students, size of 
space, the the amount of equipment available. 
Importance Feasibility Adoptability 
H M 9 9 7  M M ? ? 7  H  M  ?  M  
PART 3 S MODEL OR INSTRUCTIONAL AIDS DESIGN 
Proceed to the following steps after deciding the topic for the 
activity as well as considering the factors above. 
20. Thoroughly list student behavior objectives by referring to your course 
objectives. 
Importance Feasibility Adoptability 
^ ^ ^ ^ 7 } ? ? f ^ 7 } ? ? f ? 9 7 
21. Locate products as used in daily life, or objects as substitutes after 
appropriate modifications or adjustments. 
Importance Feasibility Adoptability 
i f ^ 7 M ? f ? f 7 } ? ? f ^ 7 
22. Make a drawing of the model/aids which includes illustrations of 
functions and a drawing of the products and objects located which 
includes the modification or adjustments that will be made. 
Importance Feasibility Adoptability 
H M ? ? 7  H M ? ? 7  H ? n ? 7  
23. Thoroughly inspect and check functions illustrated on the drawing to 
assure desired approaches. 
Importance Feasibility Adoptability 
H M f f  7  7  
24. Thoroughly list steps for constructing the model/aids. 
Importance Feasibility Adoptability 
! ? ? t f 17 M ? f ? f 7 i M f ? 9 7 
25. Make a work sheet which includes detailed drawing of the product, bill 
of materials, list of tools and equipment, list of substitutes, 
modified procedure, and categories of self-constructed and manufacture 
by outside sources. 
Importance Feasibility Adoptability 
M ? ? ? t 7 M ? f ? 9 7 } ? ? f ? 9 7 
In addition, what necessary or helpful items would you include in your 
worksheet? 
Necessary items: 
Helpful items: 
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PARS 4i MODEL OR INSXRUCIIONAL AIDS DESIGN CONSTRUCTION 
26. To build the modgl/aids by referring to the worksheet made. 
Importance Feasibility Adoptability 
M M M 7  H  M  ?  f  7  
27. To record the procedure during the construction. 
Importance Feasibility Adoptability 
M M f  f  7  H M ? 9 7  M M ? t 7  
In this step, which of the following would you employ? 
video tape recording, 
tape recording, 
note taking. 
Others: 
28. Record all mistakes made and your perspectives during the construction. 
Importance Feasibility Adoptability 
^ ^ ^ 7 i ? ? f ? f 7 M ? f ? Î 7 
29. Ask for help from the community, such as students, parents, your 
colleagues, and enterprises, to manufacture the products desired. 
Importance Feasibility Adoptability 
H M ? ? 7  
30. Inspect and test each part of the model/aids built to ensure its 
functions. 
Importance Feasibility Adoptability 
i" ? ? ^ ^ 7 i f ? 9 7 i ? ? t f t 7 
Which of the following aspect would you consider the most? You may 
pick more than one. 
Student Learning Experience. Scientific. 
Practicability of the product. Safety Considerations. 
Related to daily life. Integration of Subjects. 
Interesting. Economic Effectiveness and Efficiency. 
Others I 
31. Modify the work sheet by referring to all records. 
Importance Feasibility Adoptability 
H M ? 9 7  H M M 7  
32. If time is available, a similar product constructed using the 
substitutes desired Is needed to test the feasibility of the 
substitutes and ensure the functions desired. 
Importance Feasibility Adoptability 
H M 9 9 7  H M M 7  
33. Examine all records made during the construction and make up a feasible 
procedure along with task sheets in which students can safely build the 
same product by referring to or following the instructions. 
Importance Feasibility Adoptability 
H M M 7  H M 9 9 7  
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34. Examine whether to include all knowledge and skills desired. 
Importance Feasibility Adoptability 
T  H M f f  7  
35. Develop your lesson plan, rehearse it, and make necessary 
modifications. 
Importance Feasibility Adoptability 
H ? f ? f 7 H ? H f 7 H M ? H 
36. Follow up and provide necessary assistance to those which are 
manufactured by the outside sources. 
Importance Feasibility Adoptability 
} ? ? f ? f 7 } ? ? f ? 9 7 ^ ^ t f t ? 
37. File all referable and available sources and community resources. 
Importance Feasibility Adoptability 
!  ?  ?  f  ^  ^  7  I" ? ?  f  ?  9  7  M  M  ?  ?  Ï  
PARI St MODEL OR INSTRUCTIONAL AIDS DESIGN IMPLEMENTATION AND OTHER USAGES 
How do you perceive the implementation and usage of the model/aids 
described below? 
38. It can be used for the purpose of demonstrations. 
Importance Feasibility Adoptability 
39. It can be a stimulus at the beginning of the lesson or activity. 
Importance Feasibility Adoptability 
^ t f f 7 i ? ? f ? ^ 7 i: ? ? f ^ 7 
40. It is a reference for student project. 
Importance Feasibility Adoptability 
H M M 7  H M M 7  
41. It can be placed in classroom as a part of teaching environment. 
Importance Feasibility Adoptability 
i" ? ? f ^ 7 i ^ ^ 7 i" ? ? f ^ 7 
42. It can be the project for any type of instructional fairs or 
exhibitions. 
Importance Feasibility Adoptability 
7  H M 9 9 7  
43. It can be employed in researches and studies for teaching improvement. 
Importance Feasibility Adoptability 
M M M 7  f  H M M 7  
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44. It can assist to solve teaching problems in other subjects and help 
other teachers with their teachings. 
Importance Feasibility Adoptability 
i" ? ? f ^ 7 M ? ^ ^ 7 ^ ^ ^ 7 
As related to this part, other usages you wish to suggest: 
PARI 6: MODEL OR INSTRUCTIONAL AIDS DESIGN EVALUATION 
As for evaluating the model/aids constructed, you'd consider the 
following aspects: 
45. Approaches of desired course objectives and student behavior 
objectives. 
Importance Feasibility Adoptability 
46. The desired functions. 
Importance Feasibility Adoptability 
H M ? ? 7  H M ? 9 7  
47. The degree of difficulty to secure desired materials according to the 
bill of materials and list of substitutes. 
Importance Feasibility Adoptability 
M M  f  f  7  7  
48. The amount and quality of student participation. 
Importance Feasibility Adoptability 
i  ?  ?  t  f  t  7  M  ?  f  ?  9  7  i  ?  ?  f  ?  f  7  
49. The degree of difficulty of operations as demonstration is provided. 
Importance Feasibility Adoptability 
H M ? 9 7  H M M 7  H M M 7  
50. The degree of difficulties to which the model/aids are carefully and 
appropriately stored and moved. 
Importance Feasibility Adoptability 
M ? n ? 7  7  7  
51. The degree of difficulties in construction of the product and the 
amount of time devoted to its construction. 
Importance Feasibility Adoptability 
7  f  f  7  ? ? 7  
52. The degree of integration of subjects. 
Importance Feasibility Adoptability 
M  f  f  ?  f  7  i  ? ?  f  ?  f  7  i  ? M  I  f  7  
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53. The timing and feasibility of the model/aids as implemented in 
teaching. 
Importance Feasibility Adoptability 
H  M  ? !  7  Î N f  7  
Other considerations you will suggest as evaluating the model/aids* 
GENERAL PERSPECTIVES 
54. If it is possible, considering time and other situations, in which of 
the following subject areas you are HOST LIKELY WILLING to employ these 
"Strategy Components",the SC, to design a project oriented activity for 
that subject? 
Biology Physics Chemistry Earth Science. 
I will not employ the SC in any of the subjects list above. 
55. Other than the six parts included in the SC--the topic, student 
factors, design, construction, implementation, and evaluation, what 
additional elements would you include ? 
56. How do you allocate your time while you employ the SC? In other words, 
at what percentage out of 100% are you likely to devote to each part of 
the SC? 
TOPIC. 
STUDENT FACTORS. 
.DESIGN. 
CONSTRUCTION. 
IMPLEMENTATION. 
EVALUATION. 
57. How would you rate, using numbers from 1 to 6, these six parts in terms 
of their importance? 1 indicates least important and 6 is most 
important, and so forth. 
TOPIC. 
STUDENT FACTORS. 
DESIGN. 
CONSTRUCTION. 
IMPLEMENTATION. 
EVALUATION. 
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APPENDIX F. REPORT OP THE PILOT STUDY 
The pilot study has been completed at the end of August. The 
following describes how the study was done and presents the results from 
necessary analyses. 
Right after Human Subject Committee reviewed and approved the 
instrument and method that will be used in this study, the pilot study was 
carried out at Pingtung Teachers College, in Taiwan. Professor Su was 
asked to conduct the study to appropriate elementary teachers who currently 
are taking classes at the college. These respondents are also either 
science teachers or self-contained classroom teachers. Consequently, 
twenty questionnaires were retrieved. Twelve of the responded 
questionnaires were identified in terms of completion and correction. 
Incidentally, these twelve respondents are all graduates from teachers 
colleges. 
Table F-1. a coefficients for the six part on the four aspects 
Part Importance Necessity Feasibility Adoptability 
1 
2 
3 
4 
5 
6 
.8016 
.6324 
.6979 
.8903 
.4784 
.9402 
.8260 
.6245 
.6881 
.8843 
.3454 
.9725 
.7852 
.6623 
.6505 
.8840 
.5138 
.9422 
.8204 
.5609 
.5636 
.8900 
.7235 
.9629 
Table F-2. Items of which correlation coefficient decreases 
PART Importance Feasibility Necessity j Adoptability 
1 3, 
9, 
5, 6, 
10, 11 
1, 
5, 
2, 3, 4, 
6, 7, 10 
2, 3, 5, 6 
10, 11 
2, 5, 6, 7, 
2 16, 17, 19 16, 17. 16,17. 16,17,19 
3 20, 
28, 
24, 25 
29, 33 
22, 
26, 
25. 
27,30, 
20, 22, 25. 20, 22, 24. 
26, 28, 29, 26, 28, 29, 
4 34. 32. 30, 34. 30, 34, 37. 
5 38, 39, 40 38, 
43, 
39, 40, 
44. 
38, 40,. 41, 41, 42. 
42. 
6 47. 46. 45, 46, 47, 45, 46, 47, 
50, 51. 48, 51. 
Two major concerns resulting from the pilot study are the reliability 
of the instrument and correlation between the four aspects: importance, 
necessity, feasibility, and willingness of adoption (referred to as 
adoptability). The former was tested in terms of a coefficient by using 
the computer program developed by Dr. Miller from I ED & T. Table F-1 
shows correlation coefficients with respect to the four aspects among six 
major parts included in the instrument. Apparently, there is a consistent 
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outcome resulting from this analysis with one exception on adoptability. 
The correlation coefficient related to part 5 appeals to be much lower than 
others. Nevertheless, part 1, part 4 and part 6 all have very high 
correlation coefficient which should provide sufficient evidence to rely on 
the developed instrument. 
In addition to the a coefficients, the STEPKR program, provided by Dr. 
Miller, provided information related to item analysis. There are certain 
number of items ( see Table F-2) that were identified in terms of a 
decreasing of correlation coefficient in relation to items included in one 
particular part. For instance, in part 4, item 26, 28, 29, 30, 34 show 
that there is a decrease on necessity. Some items also appear this trait 
on the four aspects such as item 5 and 6 in part 1, and item 47 and 51 in 
part 5. Since it is the researher's intention to obtain responses 
regarding all items, there are no items being eliminated based on this 
outcome. 
Table F-3 shows the correlations between the four aspects. It appeals 
that the necessity is highly correlated with importance and adoptability. 
On the other hand, feasibility is less associated with importance and 
necessity, but is related with adoptability. This finding has led to 
eliminate the consideration of neqessity which also resulted in the 
revision of the instruction in the questionnaire. 
Table F-3. Correlation coefficients between the four aspects 
Aspect Necessity Feasibility Adoptability 
Importance .96389 .50534 .80480 
Necessity .47653 .86306 
Feasibility .75897 
Other than these analyses, one finding from the pilot study also led 
to revise the questionnaire. As examining the returned questionnaires, it 
was found that some questions were marked an symbol instead of number as 
instructed. As such, the number of useful questionnaires was reduced from 
20 to 12 due to this incorrection. Moreover, some questions were corrected 
with a number on the mark by the respondants. This finding explains the 
tendency that some people unconsciously ignore the instruction when they 
were asked to complete a questionnaire. Based on these findings and 
assumptions, the instruction in the questionnaire was revised and an 
example was provided following the instruction given. Hopefully, this can 
minimize the errors found in this pilot study. 
The following paragraph illustrates the procedure for collecting data. 
First, the instrument was developed based on the identified Strategies and 
Components as outlined on appended paper. The questionnaire will be sent 
to deans of academic affairs of the elementary schools selected in order to 
distribute to desired subjects. Two cover letters, one from the head of 
the Department of Elementary Education at Pingtung Teachers College and 
another one from the researcher, will be sent alone with the 
questionnaires. Also, one cover letter for the respondents was printed on 
the first page after the cover page of the questionnaire. As scheduled, 
the questionnaires will be sent not later than the 17th of September. And, 
a follow-up will be carried out by phone about two week after the initial 
mailing. The ultimate deadline for returning the questionnaires was 
scheduled on October 22. The total length of time will be devoted in the 
investigation is estimated about five to six weeks. And, the investigation 
will be carried out by the researcher personally. 
